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PREFACE 

In writing this book my idea has been to revise and rearrange 
my former book, entitled ** Manual of Bridge Design/' which has 
been used for some considerable time as a text-book on this 
subject by the Boyal Engineers at the School of Military 
Engineering, Chatham. 

I have endeavoured to depart from the generality of text- 
books, and to keep ever before the student the practical aim or 
object for which he is striving. 

I have also tried always to illustrate theoretical deductions 
and conclusions with examples from actual practice. 

The book is full of practical examples and illustrations, and 
contains many details of all sorts connected with bridge work. 

I have confined this work to simple bridges. On all hands 
text-books by celebrated men abound which investigate most 
thoroughly every conceivable kind of structure or girder, books 
which go into deep mathematics, and which at their conclusion 
do not venture to advise any particular course of action under any 
set circumstances, but leave the engineer to decide for himself. 

In this book I have therefore avoided any deep mathematics ; 
a graphic solution of every problem is given where such a 
solution is useful, and I have in simple language endeavoured to 
advise or lay down a course of action in almost every case. And 
although the course of action recommended may sometimes be 
open to question as to whether it is the best, yet I think it is 
always good. 

The book contains a very simple method of solving questions 
of bending moments on fixed beams, known as MacDonald's 
Graphic Solution. This method was originally proved by Major 
MacDonald, B.E., and has been in use by military engineers 
for some time past. 

The solution of a beam continuous over several supports and 
loaded with several concentrated loads is also his. 
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The solution of a beam continuous over several spans and 
loaded with uniform loads is one that has been adapted from the 
method given by Mr. Dunn in his book, '' Lectures on Reinforced 
Concrete/' and it is to him that I am indebted for the ground- 
work of this method. 

Tbe treatment of rolling loads on a span, although not new, 
has not hitherto been set out clearly in any text-book, to my 
knowledge, and the treatment of shear due to rolling loads is an 
arrangement of my own. 

The design of plate and braced girders up to 75 feet span is 
carefully gone into, and a great deal of detail is given with 
regard to bridge floors, etc. 

I have found it necessary to draw the line at any masonry 
work, and therefore this book does not go further than the 
bedstones on which the girder rests. 

There are twenty-two tables at the end of the book which it 
is hoped may be of use in daily work. 

Table XYI. gives the uniform equivalent loads for bridge 
spans for the heaviest locomotive now running on the Great 
Western Railway. I have seen no other similar tables anywhere 
except one by Mr. Alexander Ross, M.I.C.E., in the Minutes of 
the Proceedings of the Institution of Civil Engineers, Supplement 
to Vol. CLIV., p. 22. 

Table XIIL, for use in estimating the dead weight of plate 
girders in rapid design, is compiled from various sources. This 
table will be found to form a useful and accurate guide. 

Tables XIV. and XV. for the percentage additions to live loads 
for railway and road bridges to compensate for shock, are new, 
and are based on the practice of various engineers in England. 

Table XX. of live loads on road bridges is also new, and is 
very complete. The authorities who have most kindly supplied 
the information are mentioned in the table. 

Table XXII. gives the maximum sizes to which steel plates 
and other steel sections can be rolled, and is here given for the 
first time. 

My reasons for adopting graphic solutions so largely are that 
they are so much simpler as a rule than any other method of 
arriving at the desired result, and they have the advantage that 
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they show the state of the stresses in the whole beam, or 
throughout the whole problem at the same time, so that when 
the stress in any one part has been found the whole problem is 
completely known. 

With regard to the notation employed, it is a pity that at the 
present time no standard system of notation exists. 

Engineers have long felt the want of it, but it has so far been 
impracticable to arrive at any definite conclusion in this respect. 

I have therefore used a notation which was at one time 
advocated for adoption by the Society of Engineers (Incorporated), 
and which coincides entirely with the notation now adopted by 
the Concrete Institute; it will be found to agree with that 
generally employed in most books of civil engineering. 

A list of symbols is given at the beginning of the book. 

I am greatly indebted to my friend Captain J. G. Fleming, B.E., 
who has written the greater part of the first five chapters, and 
has also helped with much useful information. 

It is my regret that his name is not associated with my own 
in the authorship of this book. 

P. 0. G. USBOKNE, A.I.C.E., 
Late Captain, B.E. 
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NOTATION 

LETTERS. 

A Left end of a beam. 

B Right end of a beam. 

C Centre of a beam. 

PfQfXjY Points in any beam or figure. 

Origin. 

00 Any axis ; neutral axis. 

3^»y» Co-ordinates of any point rofened to rectangular axes. 

SYMBOLS. 

A Area in square units. 
a Area of a section in s([ijare inches. 
Op Equivalent area in square inches, 
o Constant ; Gordon's formula for struts. 
b Breadth in inches. 
I) Depth in feet. 
J) External diameter. 

d Depth in inches ; effective depth of a girder. 
d Intenial diameter. 
A Deflection in inches. 
E Modulus of elasticity in lbs. or tons. 
F Total force or stress. 
Ft Total tensile force. 
Fc Total compressive force. 
Stress per square inch. 
V Modulus of rupture divided by factor of safety. 
' Safe stress per square inch against transverse rupture. 
fr Stress per square inch, in compression. 
ft ,, ,, M ., ,» tension. 
J 9 >> •> »> »> M snear. 
fb n ,» .» >> .» bearing. 
H Height in feet. 
J ( Height in inches. 

( Least dimension of a strut in inches. 
/ Moment of inertia of a plane area in inch^ units. 
k Radius of gyration in inch units. 
L Length in feet. 
J i Length in inches. 
( Span in inches. 
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NOTATION 

M Any moment. 
Mb Bending moment. 
Max, Mb Maximum Mb produced at any point, or in any ppan. 
Mb Moment of resistance. 

n Constant in strut formula. 
n,n* Constants in deflection formula. 
P Total prejisiure. 
}) Pressure per square inch. 

/ External radius. 
R I Total resilience. 
' Reaction. 
Ra^Rb Reactions at A and B. 

r Internal radius. 

S Shearing force, total. 

Sfn Mean shear stress. 

8 Intensity of shear stress. 

T Thickness in feet. 

t Thickness in inches. 

W Total load. Any concentrated load. 

IV Load per unit length, or unit area. 

If Distance of extreme fibre from the neutral axis in inches. 

Angle of any line with the horizontal. 

<p Angle of any line with the vertical. 

2 The sum of things similar to . . . 

Note. — ^In the case of stresses, a small letter denotes intensity of stress 
per unit length or area, while a capital letter denotes a total stress. 
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CHAPTER I 

DEFINITION OF TERMS 

Stress is the internal force set up in a structure by the action 
of external forces, tending to produce a change of form. 

Strain is the change of form produced by a stress ; it cannot 
therefore, be denoted in lbs. or other units of force. This 
change may be only temporary, i.e., 
when the force is removed, the struc- ^^ 

ture may resume its original form. » ,iy :2s-^Rt 

Or the stress may be so great that p^^ ^ 

the structure does not regain its 

original form. It is then said to be permanently strained. A 
permanent strain is frequently called a " set." 

There are three kinds of simple stresses, viz. : — 

(1) Tensile stress, tending to tear the particles of the sub- 

stance away from one another. 
The fibres of the structure tend to become elongated. 

(2) Compressive stress, the converse of the above. 

(8) Shearing stress, tending to make the particles slide past 
one another by the action of forces in opposite direc- 
tions. Thus in Fig. 1 the rivet is subject to a shearing 
stress, tending to cut it in two. 
Reversal of stress is alteration of the direction of the stress 
in the fibres of any material, as from tension to compression and 
vice versd. 

Transverse stress. 

In addition to the above simple stresses there are various 
compound stresses. Of these the most common is tranverse 
8^. ^ 
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stress, in which the load, acting transversely to the fibres of the 
stractare, tends to produce compression in one set of fibres, 
tension in another set, and shearing stress throughout. This is 
the normal condition of a beam supported at both ends and 
loaded. 

Bearing stress is another stress frequently spoken of as a 
separate stress ; it is really made up of two stresses : (a) compres- 
sion ; (b) shearing. 

As an example, a riveted joint may fail through an excess of 
bearing stress, it will then be seen that the rivets have cut into 
the metal forming the joint, the metal in front of the rivet having 
failed by compression and by shearing along the sides of the slot 
which tends to form in the material (Fig. 2). 

Units of stress. Stress is usually measured in tons, cwts., 

or lbs. The intensity of stress or stress on 
a unit area is expressed in lbs., cwts., or 
tons per square foot or square inch. 

Ultinvale stress, sometimes called limit- 
Fig. 2. ing or breaking stress, is the stress at 

which rupture occurs. 

Proof stress, which is intended to be applied only for a short 
time to test a structure, is the greatest stress that can be applied 
without causing permanent injury. 

Safe working stress is that which can be applied for any length 
of time without fear of injury, and represents therefore the 
practical unit of strength of the material employed. 

It must be mmembered in deciding the working stress that all 
materials suffer in a greater or less degree from " fatigue," which 
is particularly noticeable in the case of members subject to 
reversal of stress. 

The ultimate stress for any material is found by experiment, 
and to it the safe working stress bears a certain definite ratio. 
This ratio is called the factor of safety. It varies from 10 to 8. 

The factor of safety is largely a matter of judgment and 
circumstance. Where a steady load has to be borne, such as the 
wall of a house resting on a rolled steel joist, a smaller factor 
will suffice, than would be the case if the load were constantly 
varying as on a railway bridge. 
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Fatigue is the deterioration produced in the fibres of any 
material by repeated application and removal, or increase and 
decrease of the load, or by reversal of stress. It has been found, 
for instance, that the chain of a crane will sometimes ultimately 
fail to carry a load which it has 
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lifted previously with safety. 

Where fatigue is likely to 
occur, an increased factor of 
safety must be given. 

Loads. Fig. 3. 

A load may be distributed in 
various ways. It may be concentrated at a point (Fig. 3), or it 
may be uniformly distributed wholly (Fig. 4), or partially. 

The effect upon the beam will vary with the distribution of the 
load, though the load may be the same. 

Loads are commonly spoken of as dead loads and live loads. 
A dead load is that which is applied very gradually, and which 
remains steady. The weight of a structure itself is a dead load. 
Still water in a tank is a dead load. 

A live load is that which is suddenly applied, or is accompanied 
with shocks or impact. 
A crowd of people mov- 
ing on a floor, a rail- "^^^^^ ^^'^ 

way train crossing a i 

bridge, etc., constitute 

live loads. If liable to 

agitation and considerable change of level, water in a tank might 

be considered a live load. 

A live load produces considerably more stress in a structure 
than an equal dead load. 

In calculating for a live load, it is therefore customary to add 
to it a percentage which shall cover the extra stress produced by 
the shock, movement or vibration. 

Loads on structures divide themselves naturally into the two 
heads: — 

(a) " Dead load," the weight of the structure and any per- 
manent superimposed load. 

(b) " Live load," which the structure is intended to carry, 

B 2 
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sometimes called the " accidental load," to which is added for 
purposes of calculation a percentage to allow for shock, vibra- 
tion, etc., in order to convert this live load to ** equivalent dead 
load." 

Thus the actual load for calculation becomes : 
(a) " Dead load," plus 
(6) " Equivalent dead load." 

The percentage to be added in each case is a matter for the 
judgment of the engineer, and each case must be decided on its 
own merits. 

The guiding principles are that moving loads, heavy in propor- 
tion to the dead load of the structure, or loads causing much 
vibration, require a large percentage addition to convert them to 
equivalent dead load, while loads light compared to the dead load 
of the structure or loads causing little vibration require a 
proportionately small percentage addition. 

Eldsiicity, 

A material is said to be elastic when it possesses the property 
of regaining its original shape after having been strained by any 
kind of stress. 

If a bar of elastic material be subjected to a gradually increasing 
tensile stress, it will be found that the increments of length are in 
direct proportion to the increments of stress up to a certain point. 

This is also the case if the bar be subjected to a compressive 
stress. This principle is known as Hooke's Law : " Ut tensio, sic 
vis " as defined by the discoverer in 1676. 

Yield Point, 

The above law is only of limited application. A point is 
reached in stressing any material, beyond which the material no 
longer returns to its original form when the stress is removed, 
but shows a change in form and character termed " set." 

This point is called the " yield point " or ** elastic limit " of the 
material. Some materials have a much greater elasticity than 
others. Lead, for instance, has no elasticity, while glass is very 
elastic. 

Iron and steel are elastic up to about half their ultimate stress, 
i.^., in wrought iron about 12 tons and in mild steel about 16 tons 
per square inch. 
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Graphically, this can be easily appreciated. Fig. 5 is a graph 
or curve, in which the ordinates represent the stresses applied 
to any material, and the abscissae represent the strains or 
deformations produced by those stresses. 

By Hooke's Law the strains increase proportionately with the 
stresses, and the graph is a straight line. And if Hooke's Law 
were universally true, this would always be the case. But in actual 
fact the material under test will follow this straight line only 
as far as the yield point, i.e., so long as the stresses and corre- 
sponding strains are low and are obedient to Hooke's Law. If 
at any time the stress were to be 
removed, the bar would regain its 
original length. ^ 

But at the yield point the curve ^. '"" 

departs from the straight line. ^yuidLFotnt 

When the stressing or loading is 
increased beyond the yield point, the 
diagram shows that the strain is 
increasing at a greater rate than 
assumed by Hooke's L^w. 

On removal of the stress it will be 
found that the bar no longer regains 
its original length ; it has assumed what is termed a " permanent 
set," either extended or compressed. 

The point where a further increase of stress causes a permanent 
change of form is called the yield point, and if the loading be 
further increased a rapid change of form takes place as indicated 
by the curve in Fig. 5. 

In deciding therefore on the safe working stress for any 
material, a high enough factor of safety must be allowed to 
prevent any possibility of the fibre stress approaching the elastic 
limit or yield point of the material. 

Modulus of Elasticity. 

This modulus, usually denoted by £, is the measure of the 
ratio of stress to strain produced, for any material, so long as the 
yield point is not passed. 

It is a purely theoretical force deduced from the behaviour of 
test bars of a material under stress, and is that force which will. 
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if tensile, extend a bar of initial length I to double its length, or 

if compressive, will reduce it to zero. 

In practice this result can never be obtained, since the yield 

point will first be reached, and E is therefore calculated from 

observations on test bars thus : Let a bar of length I (inches) be 

subjected to a stress P (tons per square inch). Let V be the 

extension produced (inches). Then since E : I :: P : Vy the 

p 
modulus of elasticity, or E = 1 X y tons per square inch. 

It should be noted that the modulus of elasticity is not neces- 
sarily the same in tension as in compression for all materials, 
e.g., concrete has very varying ratios in its capacity for resisting 
tension and compression, their proportion being roughly as 1 
to 10. 

Stiffness. 

The stiffness of a material is its capacity for resisting deforma- 
tion. It depends on the modulus of elasticity of the material 
and also upon the arrangement and shape of its constituents. 

Modulus of Rupture. 

When a beam is strain^^ transversely, the material of which it 
is composed does not exhibit the same strength as it does when 
subjected to purely direct stress. 

The fibres may be ruptured by excessive tension or excessive 
compression, whichever the material is least able to resist. 

The strength per square inch or " modulus of rupture " has 
been found experimentally by loading to destruction small beams 
of different material, only 1 square inch in section, placed on 
supports 12 inches apart and loaded with concentrated loads 
suspended from their centre. 

The modulus of rupture is, therefore, a property deduced experi- 
mentally for any material, and is not a scientifically accurate ex- 
pression of the strength of a material to resist cross-breaking ; 
but it is easily found, and is therefore frequently used. 

Oraphics. 

It is frequently of value to be able to express moments or other 
measures of force graphically, and this system of graphic expres- 
sion will be adopted wherever possible. 

Such a system enables intermediate values between maximum 
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and minimum vdlues to be obtained by direct measurement with- 
out further calculation than that necessary to draw the graphic 
diagram. 

It will be found a simple and expeditious system in solving 
complicated analytical problems, such as those of fixed and 
continuous beams, or beams subjected to a series of rolling loads. 

It also has the advantage of enabling the stresses at any section 
to be determined in direction as well as in magnitude. 
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CHAPTER II 

BENDING MOMENTS 

SIMPLE BEAMS. 

Any member of a structure subjected to transverse stress is 
considered as a Beam. 

To determine the correct size and proportions of the beam it is 
first necessary to have some measure of the e£fect of the loading 
on the beam. 

This is called the "Bending moment" or "moment of flexure," 
and is denoted by the symbol Mg. 

The symbol M^ is the general symbol for 

BENDING MOMENT. 

This bending moment for any given condition of loading will 
be at a maximum at some one point, and the bending moment at 
this point or the Maximum bending moment is denoted by the 
symbol Ma^. Mg. 

Beams may be maintained in position by different means and 
can be classified as : — 

(a) Cantilevers. 

(b) Supported beams. 

(c) Fixed beams. 

(d) Continuous beams. 

Bending moment or moment of flexure may be either " sagging " 
or " hogging." 

For purposes of convenience let us call " Sagging " positive and 
" Hogging " negative ; that is, it is assumed for convenience that 
a load which tends to cause a beam to deflect so that the upper 
surface becomes concave and the lower surface convex produces a 
positive bending moment. 

As an example, the supported beam in Fig. 6 is subject to a 
positive bending moment. If, however, the load tend to cause 






BENDING MOMENTS 9 

the upper surface to become convex and the lo\ver surface concave, 
then the bending moment is negative. 

So the cantilever shown in Fig. 7 is subject to a negative 
bending moment. 

In cantilevers and supported beams, the bending moments are 
either negative or positive throughout. 

In fixed and continuous beams the bending moments vary from 
positive to negative. 

The rules for finding the bending moment of fixed and con- 




Fig. 6. 

tinuous beams are therefore more complicated, and will be given 
later in Chapter III. 

Loads may be concentrated or distributed, and the effect of any 
load introducing a bending moment will vary according to its 
method of application, that is, whether concentrated or distributed, 
as well as its point of application. 

Concentrated loads, of course, are considered as applied at 
their point of contact when cal- 
culating the bending moment pro- i 
duced. ,_L <J!^^^ 

Distributed loads are considered 
as applied at their centres of ' ' y* -jc --% 

gravity. w 

Fig. 7. 

Rule for finding the bending 
moment at any section in Cantilevers and simple Supported 
Beams. 

Consider either of the portions into which the beam is divided 
at the given section, and multiply each force acting on that 
portion by the distance of its point of application from the given 
section. 

The algebraic sum of these moments is the moment required. 
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Therefore total load W = wl. 

This load must be considered as acting at its centre of gravity. 
Consider a section at a point distant x from the outer end. 
The Mb at this section will be the Mb due to a concentrated 

load of wx acting at a distance - from the section. 



X 
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Then the Mb = — wx X ^ = ^ • 

This is obviously at a maximum when x = L 

So the Max. Mb = ^^- or = ^ . 

To plot this graphically it is necessary to know the nature of 
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Fig. 13. 
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Fig. H. 



the curve of Mb» This curve is a parabola, and its equation is 



Mb = y= — 



2 • 



Then to draw the Mb curve for a uniformly 



loaded cantilever, it is necessary to draw a semi-parabola of 

up 
height -^-, having its apex at the outer end of the cantilever 

(Fig. 14). 



In the case of a cantilever carrying one or more concentrated 
loads, the Mb at any section may be found analytically, or if 
preferred, graphically by combining the moments for each 
separate load. 

The system of combining graphically or analytically several 
loads is of great use, and a few examples are given to illustrate 
the method. 
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Example. 

Cantilever loaded as shown in Fig. 15. 
Length of cantilever, 15 feet. 

Load 160 lbs. per foot, uniformly distributed, over a length 
of 4 feet, 5 feet from the outer 
end. 

Load of 540 lbs. at the end of 
the cantilever. 

To solve this analytically : — 
First consider the concentrated 
load 

Max. Mb = (540 X 15) ft.-lbs. 

= 8,100 ft.-lbs. (at the support). 
Then consider the uniformly distributed load, 
be considered as acting at its centre of gravity. 

Load = 160 X 4 = 640 lbs. 
Acting at a distance of 8 feet from the support. 
Max, Mb = (640 X 8) ft.-lbs. 

= 5,120 ft.-lbs. (at the support). 
Then the total Mb at the support 

= 8,100 + 5,120 
= 13,220 ft.-lbs. 
To represent this graphically, it is necessary to make a Mb 
diagram for each load. 

The Mb diagram for the concentrated load is shown on Fig. 16, 
and requires no comment. 

To understand the diagram for the distributed load some 
explanation is necessary. The diagram is shown in Fig. 17. 




Fig. 16. 



C E D 




J? 



rtius 



Fig. 17. 



First consider the load as concentrated at its centre of gi^ivity, 
Ef distant 8 feet from the support, and for this load considered 
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as concentrated draw a Mb diagram aEA, in which a A = 5,120 
ft..lbs. 

Then on CD construct a Mb diagram CDec, for a cantilever 

4 feet long, uniformly loaded 

with a distributed load of 160 lbs. 

' per foot, the ordinate Cc being 

1,280 ft.-lbs., 



I 



I 




V 2 ^' 



280 ft.-lb8 



•)• 



The point c will fall upon the 
line aE and the final diagram is 
*^'»- 18. oceDA. 

Fig. 19 shows this construction on a larger vertical scale. 

The two diagrams. Figs. 16 and 
17, can now be compounded, and 
Fig. 18 shows the exact state of Mb 
at any point in the given beam. 

This apparently elaborate graphi- 
cal process is usually unnecessary, 
but is of value at times in enabling 
the exact stresses at any section to be 
determined. The example given is 
a simple one, but it is the method 
which is of importance, not the defi- 
nite result, which could in this case 
be more easily obtained analytically. 

Fig. 19.— Enlargement of Fig. 17. 

4. Supported beam. 
Single concentrated eccentric load. Fig. 20. 




h 



X -^ 



w 

I 



m 



1 



I 



Fl«. 20. 






1 



^7^ 



A is equal to the reaction at A, multiplied by x. 
Let this reaction be called R^. 



Load = W Span = l. 

Load distant k from sup- 
port A. 

By the rule for deter- 
mining bending moments 
the Mb at a section dis- 
tant X from the support 
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The reaction is found by taking moments about B, the 
alegebraic sum of the moments being zero for equilibrium. 
Hence R^xl= W(l '^k) = o. 

or Ka = ^ . 

Then the M^ at the section distant x from the support A 

This is a maximum between A and the point of application of 
the load when a: is a maximum or when x=: k. The Max. M^ 
between A and the point of application of the load is under the 
load and is equal to 

Similarly, the position of the Max. M^ between the support B 
and the load is also under the load and is equal to 

Therefore the Max. M^ on the beam for this condition of 
loading is under the load and is equal to 

To plot this graphically ; 

The general equation for Afg is of the form — 

W{1 ~ k) 
Mb = — ~ X. 

Now W, I9 and k are constants for any given loading, span, and 
position of load, so that the curve is a straight line. All that 
is necessary in order to draw this 
curve is to plot the Afg to some con- 
venient scale, in the correct position, 
at right-angles to a line drawn to 
represent the span. 

This is done in Fig. 21, which is 
the Mb diagram. The Mb curve is ^^^- ^^• 

positive, as in a simple supported beam the bending moment 
is positive from end to end. 




16 THE DESIGN OF SIMPLE STEEL BRIDGES 



I 



If the load is central, /^ = ^, and 






Max, 



_Wl 
■" 4 • 
For this load, this central position gives the greatest Mb on 

the beam. 



"^ 






00, 



-.-p! 



^ 



-I :t 






^L_ 5. Supported beam. Two 



^ '^ concentrated loads (Fig. 22). 



Loads PFi and W^ at dis- 
tances Ati and A'2 from the 
^^^^' 22. support i4. Span = l. 

Consider a section distant x from the support, 
where x is less than Ai, Fig. 22. 

Mb due to 



Tn="^<l-^').. 



M^ due to 



T,r __ irit (^ — fea) ^ 

^r 2 — "i X, 



Mb due to n\ and ir, = \}MpM + F>iip^)l ^. 

This is clearly the equation to a straight line as x is the only 
variable. 

If the Mb is required at a section lying between Wi and W2 
distant xi from the support A, 
Mb due to Wi = Rj^ X xi— [V\ {xi — h) 

Mb due to W2 = Ra2 X Xi 

Total Mb = -R^j X a;i — ^Fi (a — Ai) + R^^ X xi 



_ TFi (I - A'l) 



^1— H'l (.ri — A'l) + 



W2 {I - A'a) 



ari, 



I '^' "^^'^^ "^^ ' I 

which again is the equation to a straight line as x is the only 
variable. 

Hence the curve is composed of straight lines. 

To avoid mathematics the position of Max, Mb can best be 
found graphically. 



^ 
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Fig. 23. 



To construct the diagram for the combined loads draw a Mb 
diagram for Wu Fig. 23, and a M^ diagram for Wa, Fig. 24, and 
combine these two diagrams in 
Fig. 25. 

It is sufficient to add the or- 
dinates of each diagram at the 
points of application of the loads 
only. 

In the combined figure ACQB, 
Fig. 25, the ordinate OC is the sum 
of the ordinate OC from Fig. 23 
and the ordinate OC from Fig. 24. 

And the ordinate PQ is the sum 
of the ordinates PQ from Fig. 28 
and PQ from Fig. 24. 

It will be seen from this that the 
Mb must occur under one or other 
of the loads. 

If graphics have to be avoided, 
the Mb under each load can be 
computed and the Max. Mb found 
in this way. 

Example. 




Fig. 24. 




Fig. 25. 



This method can be extended to any number of loads. As an 
example take a beam with 25 feet span, with loads of 5 tons, 



tOTlS 



^ 



tcnc 



i< «• J 

^, — _ _ «' — J 

Fio. 26. 



P*W 



I 



8 tons, and 7 tons at distances 7 feet, 15 feet, and 18 feet from 
the left support as in Fig. 26. 



Mji due to the 5-ton load = 



5 X 7 X 18 



25 
= 25-2 ft.-tons. 



ft. -tons 



B.B. 



c 
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Fig. 27. 




Fig. 28. 




Fig. 29. 




Fig. 30. 

cave or have a re-entrant angle, for a supported beam. 



This is plotted on Fig. 

27. 

Ms due to the 8-ton load 

3 X 15 X 10., , 

= ^^ — ft.-tons 

zo 

= 18 ft-tons. 

This is plotted on Fig. 

28. 

Ms due to the 7-ton load 

7 X 18 X 7 ., , 

= 7^ ft.-tons 

zo 

= 85-28 ft.-ton8. 

This is plotted in Fig. 
29. 

These three figures are 
combined in Fig. 80. 

The Max. Afg is under 
the 8-ton load, and is 
equal to 61*4 ft.-tons. 

It must be remem- 
bered that the M^ curve 
can never become con- 



6. Uniformly distributed load on a supported beam. 
Load = w per unit length, span = Z. 
Then total load W = ivL 

y///}/M^i^ — ^ p^ 



%r ~*-^ 



^^ 



I 



But 



Fig. 31. 

Taking a section distant x from support A, Fig. 81, 

Ms = Ra^ — ««*-^ ^' 
irl 



i^ = 



2' 
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Therefore 


Mb 


— 


wl 
2'- 


IPX* 

2 






= 


•fc- 


-x). 


This is a iDaximum when 


X 


I 

~2 




and 

nr 


Max. Mb 


'• 


8' 






8' 

To plot this graphically it is necessary to know the nature of 
curve. 

The general equation is : 
_ , tvLc wa? 

This is the equation for a para- 
bola, so that the M^ curve is a *''^^- ^^• 

wP Wl 
parabola of height -^ or -q- on a base /, plotted above the line 

o o 

since the Mb is positive (Fig. 32). 

7. The combination of various loads, as has already been 
indicated in the case of concentrated loads, may be applied to all 
cases of supported beams whatever the loading. 



Example. 

A beam has a span of 80 feet, and is loaded with a concentrated 
load of 2 tons at 6 feet from 
the left support and a dis- ^^"' 

tributed load of 1 cwt. per 
foot over the whole span of - 
SO feet. Also a uniform load 
of 5 cwts. per foot over a fig. 33. 

length of 8 feet at a dis- 
tance of 4 feet from the right support as shown in Fig. 83. 

2 
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First take the concentrated load. 
2 X 6 X 24 



Max. Mb = 



ft.-tons 



30 
2 X 6 X 24 X 20 



ft.-cwts. 



Fio. 34. 




~ 30 

= 192 ft.-cwts. 

The diagram for this is shown in 
Fig. 34. 

Then take the uniformly distributed 
load of 1 cwt. over the span. 

nr ir (1 X 30) X 30 ., , 

Max. Mb = ^^ ^ ft.-cwts. 

= 112-5 ft.-cwts. 

This is shown in Fig. 35. 

Then the distributed load of 5 cwts. 
per foot. 

First draw a Mb diagram for this 
load on a span of 8 feet. 

Max. Mb = o ft.-cwts. 

= 40 ft.-cwts. 
This is shown in Fig. 36. 
■»B Then consider this load of 40 cwts. 
as a concentrated load acting at its 
centre of gravity. 
Max. Mb (on a span of 30 ft.) 
40X8X22,, , 

= qTv ft.-cwts, 

= 234-7 ft..cwt8. 

This is shown in Fig. 37. 

Now Fig. 36 must be superposed on 
this. 

On this figure plot the points D and E, 
12 feet and 4 feet from B respectively. 

At D and E erect perpendiculars DF 
and EG cutting AC and BC in F and G 
respectively. •«--»'- 

Join FG. Fig. 38. 
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On FG plot vertically the ordinates of the parabola in Fig. 36, 
giving the Fig. AFHGB. 



rr, 



i 



W, 



I 



^8 



n 



n 







Fig. 39. 



Fi(i. 40. 



This is the Mb diagram for the 5 ewts. per foot load. 

Figs. 84, 35, and 37 can now be combined in Fig. 38, which is 
the Mb diagram for all the 

loads, and the iV/oo:. A/^ is found ^ ^ ^ 

by measurement to be 338 
ft.-cwts. at a point 13 feet 
from B. 




Fio. 41. 



8. Another case which is 
easily solved graphically is a 
beam supported on two sup- 
ports which are not at the extremities of the beam, as in 
Fig. 39. 

This is a beam made up of two cantilevers and a supported 
beam, and will tend to bend as shown in Fig. 40. 

Draw separately Mg diagrams for the two cantilever portions 
of the beam, neglecting entirely the load on the centre portion, 
viz., CAAi and DBBi (Fig. 41). 

Join Ai Bi. Then CAiBiD is the Mb diagram for the beam 
without any load on the centre 
portion, and the ordinates be- 
tween A and B give the values 
of negative Mb between A and 
B caused by the loads on the 
cantilever portions. 

Now draw a Mb diagram 
for the central portion of the 
beam with its load treated as 
supported only, neglecting the cantilever portions (Fig. 42). 




Fio. 42. 
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on 

4 



the 



The ordmates of this diagram represent the M^ 
central portion of the beam due to its own load only. 

These two diagrams, 41 and 42, must now be compounded, 
having due regard to the sign of the ordinates, those in Fig. 41 
being negative and those in Fig. 42 being positive. 

The two diagrams are compounded in Fig. 43. 

F 




Fig. 43. 

It will be seen that the Mjj changes from negative to positive 
at two points, h and k, in Fig. 43. 



Wf 



yrt 



/Jmaa 



i a. 



i 



^IT 



Fig. J 4. 



These are points of no bending moment, and as the bending 
changes from hogging to sagging 
at these points they are called 
''points of contrajiexurey 

These points of contraflexure are 
of great importance, as will be seen 
in dealing with fixed beams. 

9. Another case of a similar na- 
ture is that of a beam fastened at 
one end by a hinge or similar fitting, 
and strained over a support as shown 
in Fig. 44. 

Draw diagrams for the two por- 
tions of the beam treated separately. 
Figs. 45 and 46. 




Fig. 46. 
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Fig. 45 shows the bending moment throughout the beam due 
to the cantilever portion, and Fig. 46 shows that due to the 
supported portions only. 

Combine these two diagrams, 45 and 46, and obtain the diagram 
shown in Fig. 47. 

F 




Fio. 47. 

All bending moments are measured vertically from AC^h being 
the point of contraflexure. 




CHAPTER III 

MOMENTS OF FLEXURE — FIXED AND CONTINUOUS BEAMS 

FIXED BEAMS. 

On fixed beams the load produces a very different combination 
of bending moments to that on supported beams. 

The ends of the beam being unable to move, portions of the 
beam at each end act as cantilevers, and the centre portion of 
the beam acts as a supported beam. The cantilever portions 

of the beam are subjected to hog- 
ging stresses, or negative bend- 
ing moment, and the central 
portion is subjected to sagging or 

Fio. 48.-Fixed beam. " positive bending moment. Fig. 

48 shows diagrammatically the 
tendency of a fixed beam to bend when loaded. There can be no 
bending moment where the hogging stress changes to sagging. 

The positions of these changes of stress, or points where the 
Mg = are called the "points of contraflexure'' 

The bending moment of the central portion is the bending 
moment due to the load on a span equal to the distance between 
the points of contraflexure ; and the bending moment in each 
cantilever at each end can be found from the dead weight or 
reaction due to the load on the centre portion of the beam 
between the points of contraflexure, with the addition of any 
bending moment due to the load on the cantilever portion itself. 

If we can determine the position of these points the solution of 
the beam follows easily. 

Problems of this nature are most easily solved by graphics, 
and this is the method that will be adopted here, the solutions 
being extremely simple and rapid. 

Now it can be proved that the bending moment at either point 
of fixation is equal to what would be the Max. M^ on the beam, if 
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treated as supported only, multiplied by the ratio of the distance 
between the other point of fixation and the load, to the span. 

One concentrated load. 

Suppose the beam to be loaded with one concentrated load. 

Then drawing the M^ diagram AFB for the beam. Fig. 49, as 
if supported only, the Mb at A for this load when the beam is 

CB 



fixed is : CF 



AB 



Similarly the M^ at B is : CF 



AC 
AB 



■,~/^ 




/r- 


^^ 


A C 


B 



Fio. 49. 



(The proof of this rule will not be entered upon here). 

These values AK and BL for the M^at A and B can be plotted 
as shown in Fig. 49. 

If iCand L are joined, cutting AF and FB in Dand E respec- 
tively, the complete diagram is 
obtained for the beam when 
fixed. The line KL is called 
the " datum line " or " closing 
Une." 

All Ms ordinates are measured 
vertically from KL. 

It will be noticed on Fig. 49 
that both the bending moments on the cantilever portions are 
negative, when measured from KL. 

The curve of M^ being KADFEBL, and the ordinates being 
measured from the line KLy it 
is clear that all ordinates from 
KioD are measured downwards 
and are negative; similarly 
from E to L. 

From D to £ all ordinates 
are measured upwards, and 
are therefore positive. 

The Mb at these points D and £, where KL cuts the Mb curve 
is = 0, and D and E are the points of contraflexure. 

Fig. 50 shows the actual area enclosed by the datum line and 
the Mb curve shaded. 

This shaded area is the portion of the diagram on which the 




Fig. 60. 
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ordinates are measured to determine the Mb at any required 
point. 

The practical graphical construction is as follows : — 
Draw AFB, the Mb diagram for the beam as if supported only, 

Fig. 51 ; through A and B 
draw verticals. 

Through F draw GFH 
parallel to AB, cutting the 
vertical at ^ in 6 and the 
vertical at B in H. 

Join GB, HA, cutting FC 
in M and N. 

Through M draw MK parallel to AB cutting ^G in K, and 
through N draw NL parallel to ^ B cutting BH in L. 
Join KL cutting AF in D and BF in E. 
KDEL is the "datum" or "closing line," D and E are the 
points of contraflexure, and the diagram is complete. 




PEOOF. 



AK must be shown to be equal to 



CFX CB 
AB 



Now AK = MC by construction ; also ^G = FC. 
Then from the similar triangles ACjB^ CMB 

CM: CB :: AG : AB. 
CB XAG CBX CF 



or 



similarly 



CM = 



AK = 



BL = 



AB 
CFx CB 

AB ' 
CFx AC 

AB • 



AB 



Also the points of contraflexure must lie on the line 

KLy and the co-ordinates of the point of contraflexure D 

kl . Wk{l-k) , , , . 

and —TV, ■ , referred to A 



can be proved to be ^ , , . 
origin and AB and AG os axes. 
In Fig. 51a ^^ ^^ 



2fe + I 



AO 



as 



FP DP OC 
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also 



AO + 0C = AC. 



FP = FM + MP. 
MP _PR _SC 

"SA' 



KG 
also KG = 

.-. MP = 

also FM = 



KR 
CFXAC 
~~AB ' 
CF XACXSC 
AB X SA ' 
CFxAC 




Then FP = 



AB • 

CFxAC , CFxAC 



Then since 



But 



also 



AB 



X 



qc 

AG 
AG 



"'" AB 'SA 

rsA + csi 

L~SA J* 

FP 
AR' 

CFxAC rsA + cs 



Fio. 51(1. 

CS CF X AC 



AB 



AB 



L SA 



] 



CFXCB 
AB 

gc_AG r sA + cs i 

AG CB L SA J 



1 + i--'^- 
2^2 



k 



l-k 


I 




2 


2k 

~ r 


.'. GC = '^^AG, 

V 


AG + GC = k. 


.-. AG + ^j^AG 

V 


= fc. 



AG = 



kl 



2k + C 

GD_ CF 
GA AC 
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0D = ^, 



kl 



Wk (I - k) 
Ik 



2k + I 
_ Wk (Ij- k) 
~ 2k + 1 ' 
Then the point D found by construction is the correct point of 
contraflexure. Similarly £ can be proved to be a correct point of 
contraflexure, and therefore KDEL is the correct datum. 
A particular case of the single concentrated load is that of a 
^ ,„ central concentrated load ; 

i I r 



I 



the Max. Mb is then 



m 



"^ 



Fig. 52. 




Fig. 53. 




Fig. 55. 



at the centre or at either 
end. 

Two concentrated loads. 

With two concentrated 
loads (Fig. 52), the simplest 
plan is to draw the Mb 
diagram for each load on 
the fixed span, as above, 
and then combine these two 
diagrams. 

Draw the diagram shown 
in Fig. 53 for the load Wi, 
and the diagram shown in 
Fig. 54 for the load Wa- 

Then combine these two 
diagrams. 

In Fig. 55, draw AE 
equal to the sum of AE 
from Fig. 53 and AE from 
Fig. 54; and also BF in 
Fig. 55 equal to the sum of 



BF from Fig. 53 and BF from Fig. 54. 

Then in Fig. 55 join EF. 

EF is the new datum. 

The ordinates of the principal points on the new combined curve 
can now be drawn from the datum line having due regard to sign. 
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At D the ordinate of the new curve is the algebraic sum of the 
ordinates CK from Fig. 53, and CK from the Fig. 54 measured 
from the datum EF. 

It will be observed that in Fig. 54 CK is negative, and is also 
smaller than CK in Fig. 53. Then CK on the combined figure is 
equal to the difference between CK from Fig. 53 and CK from 
Fig. 54, and is positive. 

Therefore on Fig. 55 CK is drawn upwards from the datum 
line, and C is a point on the required curve. 

Similarly at Jf on the combined figure, LG is equal to the sum 
of the ordinates LO from Fig. 53 and LG from Fig. 54, measured 
from the datum EF; in this case both are positive, and LG in 
Fig. 55 is drawn upwards from the datum line. 

On the combined figure join AC, CG, GB, and the figure is 
complete. The Mb diagram ihAEMCGNFB, and M and N are 
the points of contraflexure, the M^ being negative from £ to M 
and N to F, and positive from M to N. 

Any number of loads can be dealt with in the same way, by 
drawing a diagram for each load separately and then combining 
them into one. 

Uniform distributed load. 

For a distributed load the construction is as follows : 

Draw a Mg diagram for the beam as if supported only, Fig. 56. 

Draw AE and BD 
verticals at A and B 
to meet the tangent to 
the vertex of the para- 
bola at E and D. 

Join CB and AD, cut- 
ting at F. 

Through Fdraw KFL 
parallel to AB. 

KL is the datum 
cutting the curve at G and Jf, which are the points of contraflexure. 

It can be proved that BL and AK are each two- thirds of the 
height of the parabola. 

In practice it is generally simpler to take advantage of this 
fact and plot the datum at once without construction. 




Fig. 56. 
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The height of the parabola being ^ or — 

AK and BL are each equal to-^- Xq = yo^^To 

wP Wl 
and the M^ at the centre is equal to - : or 777 . 

24 24 

The Ms diagram is shown shaded on Fig. 57. 

This diagram can be combined with any other form of loading, 

as is shown in the example. 

EXAMPLB. 

A beam, span 25 feet, fixed at both ends, is loaded with a 

uniform load of 2 cwts. per foot, and 
three concentrated loads of 1 ton, 
1} tons, and f tons, 6, 13, and 20 feet 
from the end. First treat each of 
these loads separately. 

Draw the M^ diagram for the uni- 
formly distributed load (Fig. 57). 
The height of the parabola 

= !E? - 2 X 25 X 25 
8 "" 8 

= 156J ft.-cwts. 
M^ at the ends is 

2 X 25 X 25 




--25* V 

Fio. 67. 




ft.-cwts. 



Fig. 68. 





Fio. 60. 



ft. -cwts. 
12 

= 104J ft.-cwts. 

This gives the height of the datum 
line, and Fig. 57 is complete, when 
the datum line has been plotted. 

Draw the M^ diagram for the 1-ton 
load (Fig. 58). 

Ends supported, 

-^ ,^ 20X6X19.. . 
Max. Mb = ^k ft.-cwts. 

= 91J ft.-cwt8. 
Complete the diagram for "ends 
fixed." 
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Draw the M^ diagram for the 1 J-ton 
load (Fig. 59). 
Ends supported, 

Max. Mb = ^ ^ j^f ^ ^^ ft.-cwts. 

= 187^ ft.-cwts. 

Complete the diagram for ends 
fixed. 

Draw the Mb diagram for the }-ton 
load (Pig. 60). 

Ends supported, 

,. ,, 15 X 20 X 5 ^ „ .„ 
Mdx. Mb = Tz^ ft.-cwts. 

= 60 ft.-cwts. 

Complete the diagram for ends 
fixed. 

Combining these four diagrams by 
adding ordinates at (say) every 2^ 

feet across the span, we obtain the diagram shown on Fig. 61, from 
which we see that the Max, Mb is at K and is equal to 270 ft.-cwts. 
(by measurement). 

GENERAL REMARKS. 

In actual practice it is very difficult to obtain complete fixa- 
tion ; materials perish, the fastenings may not be sound, or may 
give. 

For these reasons it is frequently desirable to consider a beam 
as only partially fixed. The exact state of affairs is usually very 
indeterminate, being some intermediate stage between fixed and 
supported. 

To obtain an exact knowledge of the stresses caused by partial 
fixation is very complicated and is not here attempted. It is 
sufficient for ordinary cases to find the Max. Mb where the beam 
is considered as **half fixed.*' This can be found graphically 
from the " fixed " diagram. 

Half fixed beam. 

Bisect the ordinates at the ends of a Mb diagram and join 
these points of bisection ; this line is the '' half fixed '' datum. 
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Fig. 62 represents the M^ diagram for a fixed beam, AD and 
DE being the M^ ordinates at the ends. 

Bisect AD in F and DE in G ; join FG. Then FG is the half 
fixed datum, and the Mb diagram is shown shaded. 

It should be noted that the M^ at the middle of the beam is 

greatest when the beam is only 
half fixed, but that at the ends is 
greatest when the beam is wholly 
fixed. 

For purpose of calculation when 

there is doubt as to the fixation, it 

Fig. 62. is necessary to draw the M^ diagram, 

and to insert the datum lines, both for ** fixed ends " and for " half 

fixed ends." 

The Max. Mb for any point must then be selected from both 
of these diagrams, and must then be taken as the Mb for 
calculation. 

The Mb values for a few loadings are given in Table XI. 
Fixed at one end only. 

In the case of a beam fixed at one end, and supported only at 
the other, the same process is applied. 

First draw the Mb diagram for the beam as if fixed at both 
ends ; then add to the Mb at the fixed end, | of the ordinate at 
the supported end, and join the point so found to the support at 
the supported end. 

If Fig. 63 is the Mb curve for a beam AB, ends fixed, and B is 




jr^^'OJaa^^ 



Fio. 63. 



Fio. 64. 



really supported and not fixed, add to AE the value of half BF 
obtaining a point G (Fig. 64). 

Join G to -B ; GB is then the new datum line, and the com- 
pleted figure is as Fig. 64. 

The Mb at B, ends fixed, is distributed between B and A, one 
half increasing the sagging or positive moment, between the 
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point of contrafiexure iC, and B, and the other half increasing 
the hogging or negative M^ between K and G. 

Subsidence ; fixed both ends. 

A common case occurs when one end of a fixed beam sub- 






II 



r 



A - - 






1 



B\ 



Fig. 66. 



Fio. 66. 



sides. The stresses in this beam are by no means the same 
as before the subsidence, particularly if the fixation remain 
complete. 

Take the case of the beam shown on Fig. 65 to illustrate the 
method of solution. 

First disregard the load W, and examine the stresses produced 
by subsidence. The beam can be considered as two cantilevers 
each equal to half the span as shown on Fig. 66. Each canti- 
lever is loaded with an unknown load producing a known 
deflection equal to half the subsidence, which is known. Then 
if W\ is the unknown load, and the sec- 
tion and material of the beam are known, 
W\ can be found from the deflection equa- 
tion, vide Chap. VI. p. 69. 




Fig. 67, 



EI 



.^^'^^ 



Fio. 68. 



Where — 

A = half the subsidence, 

n for a cantilever loaded at the end = \ 

I = one half the span. 

E and I are known, vide Chap. IV. 
pp. 47—55. 

Then having solved for IFi, the Mb 
diagrams for these two cantilevers can 
be drawn as on Fig. 67, where they are 
shown together for convenience, the maximum ordinate being 
, Wil 

S.B. I> 



]11IIIIP>-^IIIII^ 



Fig. 69. 
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Due attention must of course be paid to the sign of the bending 
moment. 
Then having drawn the Mb diagram for the superimposed 

I 



12. 





i 



Fl«. 71. 



load W, Fig. 68, the two Figs. 67 and 68 are compounded in the 
ordinary way and Fig. 69 is the result. 

Subsidence ; fixed one end. 

A similar case is that of a beam fixed at one end and supported 
at the other with a subsidence at the fixed end, as in Fig. 70. 

In this case the subsidence causes the beam to act as a canti- 



^ .^^^.^nrngnil^^ 



fTL 




Fig. 72. 



Fig. 73. 




lever of length equal to the span as shown in Fig. 71, acted upon 
by an upward pressure TJ" at the end. 

W can be found from the deflection formula where the span I 

is the whole span of the beam, and the 
deflection is equal to the total subsid- 
ence. 

For this an Afg diagram is. drawn, 
Fig. 72, and also an M^ diagram for the 
beam, as loaded with the load W, fixed 
at one end and supported at the other (Fig. 73). 

These two Figs. 72 and 73 are compounded, giving Fig. 74, 
showing the actual M^ in the beam taking the subsidence into 
account. 

CONTINUOUS BEAMS. 
Beams continuous over one or more intermediate supports, are 
common in structural work, and their solution is necessary to 



Fig. 74. 
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enable advantage to be taken of the extra strength secured 
over independent beams, extending merely from one support to 
the next. 

This solution is not easy analytically, as the bending moments 
are somewhat difficult to determine, the chief reason being that 
the reactions at the supports are not necessarily vertical. 

There is also a danger in the use of continuous beams, which 
causes many engineers to fight shy of them ; this danger is the 
enormous reversal of stress that takes place if any of the supports 
subside. 

For example, we have a beam length 2Z continuous over one 

support in the centre, loaded with a uniform load w per unit 

wP 
length ; the Max. Mb if the central support subsides is = +-^ 

at the centre. 

If the end support subsides the bending moment changes sign 

and = — o" at the centre support, making in fact a complete 

reversal of stress. 

Such a complete reversal of stress is unlikely, but the possi- 
bility must always be considered. 

The method of calculation is based upon the deflection, as it is 
very difficult to determine the direction and exact magnitude of 
the reactions when there are several supports. 

Eeactions at Suppobts. 

Before entering on the graphical solutions, it is necessary to 
show that the reactions under a loaded beam, supported at both 
ends and at the middle, are ^ IF, f TF, and ^ W. 

Suppose the centre support to be removed ; then the deflection 

in the beam due to a distributed load of w per foot run over the 

5 wt^ 
whole beam =304"^. (Chap. VI.) 

Now, if we replace the distributed load, wl, on the beam by 
a single central load, Wi, the deflection is given by the expres- 
sion, 

1 W^P ' 
^ = Wm- (Chap. VI.) 

D 2 
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Now suppose Wi to be such as to cause the same deflection as 

the distributed load ; then the two expressions for deflection 

5 wl^ 1 WiP 
may be equated, and ^^^ -^ = ^ -^j- 

or Wi = 7itvL 

= — W 
8 

But since the beam is actually supported at the middle, and 
no deflection takes place, the reaction at this central support 
preventing deflection must be equal and opposite to the 
load Wi. 

Hence R at the central support = Wi. 

— - W 

^ 7 

or = - m. 

The reactions at the ends are equal to each other and each 

= 16 '''^' 

= — W 
16 " • 

GRAPHIC SOLUTIONS OF PROBLEMS IN CONTINUOUS 

BEAMS. 

Concentrated Loads. 

McDonald's graphic solutions of problems in continuous 
beams are among the best and simplest approximations that 
have yet been devised, and are suflSciently close for practical 
purposes. 

They also have the great advantage of showing graphically 
the position of the points of contraflexure and the sign of the 
bending moment at any section. 

There are three steps: — 

(1) Consider each span separately as fixed, and draw the 
diagram for such a case. 

(2) Consider the outside ends as supported only, and modify 
the diagrams accordingly. 
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(8) Consider the ends resting on the piers as supported only, 
and modify the diagrams accord- 



w. 



Hi 





Fig. 76. 



ingly, working from each end in 

turn and taking the mean. '"^^Ma^ 

If the ends are fixed in reality ^ IP 

step 2 may be omitted. Fig. 76. 



Two Spans. 

Taking the continuous beam shown 
in Fig. 75, first draw the diagram 
for each span, ends fixed as Fig. 76. 
Now release the two outer ends of 
the whole beam and consider them 
as supported only, obtaining Fig. 77 ; 
where aki = and bt^ in Fig. 77 
= til + i ^h f'om Fig. 76, and 
bk2 in Fig. 77 = bh + i ck from 
Fig. 76. 

To complete the whole figure, as 
in Fig. 78, bl must be the mean of bh 
and bh in Fig. 77. This is obvious since the beam is continuous 
over the support b, and the bending moments on each side of the 
support must be the same and equal to one another in magnitude. 

Therefore in Fig. 78, plot bl = ^k+^. 




it y c 



Fig. 78. 



MOBB THAN TWO SpANS. 

For more than two spans the principle is the same. Consider 
the beams and loading as shown on Fig. 79. 

(1) Draw the 3/^ diagram for each span, treated as fixed at 
each point of support as in Fig. 80, obtaining the follow- 
ing tabulated results for the ordinates at the point of fixation : — 



A. 


B. 


c. 


D. 


aki = 75 


bh = 75 
bki = 84-4 


ck = 28-1 
cki = 108 


dla = 72 



38 THE DESIGN OF SIMPLE STEEL BRIDGES 



1^" 



JOJjma ISTons 



JSTans 
C Q_ 



"30' ->|* - JO' 



'ifKfift '30* ' ^M* \r ' 



30* '^^ 



D 



Fig. 79. 
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Fig. 81. 




Fig. 82. 



(2) Then, unfixing A and D, hh and cfca are each increased as 
shown on the next table. {Vide Fig. 81.) 



A. 


B. 


c. 


1). 


aAri = 


Wi = 75 + ^ 

= 112-5 

hki = 84-4 


ch = 28-1 

ch = 108 + ^ 
= 144 


dk = 



(3) It is now necessary to unfix B and C in turn, starting with 
B. If B is unfixed, and the beam is considered as con- 
tinuous over jB, the moments represented by hli and hk% 
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as given in (2) must be equal to one another, and each equal 
to the mean between them. This alters the datum line /fa's, and 
any increase in bk2 must to some extent affect c/2. If hk2 is 
increased cl^ must be decreased by half the amount of this 
increase, and if bk^ is decreased, ch must be increased by half the 
amount of the decrease. 

Therefore, unfixing B, we obtain results as tabulated below. 
(Vide Fig. 82) :— 



A. 



aki = 



B. 



bl = 



112-5 + 84-4 



= 98-5 . 



C. 



D. 



ck = 28-1 - 

= 21-05 
cfra = 144 



98-5 - 84-4 



dln = 



(4) Then, unfixing C, the ordinate cl (Fig. 83) is the mean of 
ck and cks (Fig. 82). Also since the datum on the span BC is 



/i\ 






/' \ 
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k/ \ 


/ 1^ 
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Fig. 83. 



affected by the alteration to c^, bl is affected by half this increase 
or decrease. Thus taking the values in (3) we get fresh values 
for d and bl as shown on (4) (Fig. 83). 
Beginning with the point C : — 



A. 



aki = 




hi = 98-5 - 
= 67-76 



82-52 - 21-05 



D. 



; 21-05 + 144 

./. = ^ 

= 82-52 



d/3=0 
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(5) This is the first result, Fig. 88, but it is necessary to 
repeat the process, starting with (7, instead of B, and to work 
in the opposite direction, that is from right to left and back 
toC. 

Starting from the values in (2) and unfixing C we obtain the 
values in (5): — 



A. 



aki = 



B. 



Wi = 112-5 
bh = 84-4 - 
= 55-42 



86-05 - 28-1 



c. 



D. 



, 28-1 + 144 
= 86-05 



d!s = 



(6) Then unfixing B and compensating at C : — 



A. 



aki = 



B. 



C. 



bl = 



112-5 -I- 55-42 



= 83-96 



cl = 86-05 - 
= 71-78 



83-96 - 55-42 



D. 



dk = 




Fig. 84. 



Then taking a mean between results (4) and (6). 

, , 67-76 + 83-96 



and 



= 75-86. 

, 82-52 + 71-78 
cl= 2 • 

= 77-15. 



\ 
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These results are plotted on Fig. 84, and give the Mb diagram 
which is shown shaded, the Mb being measured vertically from 
the datum line alld. 

<• Continuous Beams with a Uniform Load. 

For continuous beams uniformly loaded the best solution is 
that given below. It is derived from Dunn's solution for con- 
tinuous beams under concentrated loads, taken from Dubois* 
"Graphical Statics," Mehrten's "Forlesunger fiber Statite 
der Baukonstruktionen und Festigkeitslehre," and Church's 
** Mechanics of Materials." 

In this example four spans are considered : — 

Draw them out to scale. See Fig. 85 (I. to VI.). 

The points of support are marked a, b, c, d, e. 

Divide each span into three equal parts, and at these points of 
division, erect verticals, called ** third verticals " lettered TVu 
TFa, ITs, TVi, TV,, Fig. 85 (L). 

The outer verticals of the end spans are not required as these 
spans are supported at their outer ends. 

The verticals on each side of any point of support form a pair, 
e.g., TVi and TV2. 

Divide the distance between each pair into two parts in the 
inverse ratio of the spans on either side of the point, and at 
these points draw verticals LTj,, LT^^ LT^, etc. These verticals 
are called *' Limited third verticals " ; when this has been done, 
the first step is to find the ** inflection points " of the different 
spans when they are loaded ; to do this, draw from a any line a/^a, 
cutting LTi, at &2« 

Let this cut TVi at ri. 

Join vj) and produce it to cut TV2 at/i. 

Join 62/1, cutting be at I'l. 

Then ii is an inflection point. 

To obtain the next inflection point it is necessary to start 
again from the point just found, namely, h. 

Draw any line iic^ to cut LTc at ca, and let the line iic^ cut TVs 
at t'a. 

Join I'ac and produce it to cut TVi, at^, cutting cd at ia; this 
point will be another inflection point. 



\ 
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For a third inflection point start again from i^. 

Draw any line tgrfa, cutting LT^ at d^ and TVs at vs; join v^ 
and produce to meet TVe at/s, cutting de at is- 

This will be another inflection point. 

All these inflection points so found are on the right hand 
side of the points of support, and to find those on the left it is 
necessary to start again from the opposite end, namely e. 

Join efs and produce it to meet LT^i at d^ ; join v^y cutting 
cd at ki. 

This will be an inflection point. 

Join ki/2 and produce to meet LT^ at Cs ; join csv^ cutting be 
at k^' 

This will be another inflection point. 

Join ^2/1 and produce to meet LT^, at hs; join bsi'u cutting ah 
aD /cg* 

This is the last inflection point. 

When this has all been done it is simple to draw in the 
Ms diagram for any or all of the loads. 

Suppose that it is required to draw the diagram for the load 
on the span he. 

Draw the M^ parabola on the line be as if for a supported 
uniform load only. Fig. 85 (III.). 

Let 02 be the apex of the parabola ; join it to the two ends of 
the span line, b and e. 

Through ii and k^, the inflection points of the span, draw 
verticals cutting gj) at i'l, and g^ at A:'a. 

These points are points on the datum line for the beam be 
when considered as fixed. 

Draw btci through i\ and A;'2, cutting the verticals at b and c, 
in bi and ci. 

Join abi. 

Join cifci, ki being the further inflection point of the span cd ; 
and produce it to meet the vertical at d in di. 

Join dic. 

The abicidie is the datum for this condition of loading. 

This figure is shown drawn in Fig. 85 (III.). 

Again, suppose the same is required for the end span de. 
Fig. 85 (V.). 
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Draw the parabola for the load as if supported only. 

Let gi be the apex. 

Join it to d. 

Draw a vertical from the inflection point is as before, and 
obtain the point on the datum Vq. 

Join i's to e and obtain the datum line for the span. 

The datum line is then ei'^h. 

Join rfiia. Produce it to ci. 

Join ciii. Produce it to hi. 

Join bia. 

The same applies to all the spans. 

When the diagram for the whole is required, draw the 
diagrams for all the spans and superpose them, as in Fig. 85 (VI.). 

The ordinates of these diagrams can then be added together 
and the final diagram is obtained as in Fig. 86. 

A little practice will enable this method to be used very 
rapidly, and with excellent results. 

The scale adopted should be as large as possible, as this 
enables all lines to be clearly distinguished, and also makes 
the small M^ values on the spans which are considered as being 
not loaded of sufficient size to be able to be measured. 

Where the load is the same on all the spans, the Max, ikf^may 
be found in Table XII. 



CHAPTER IV 

MOMENTS OF BESISTANCE 

DEFINITION. 

When a beam or member of a structure is loaded trans- 
versely with a load or force, a certain " bending moment " or 
" moment of flexure " is produced upon this member. 

In order to prevent this bending moment from bending or 
breaking the member, a contrary force must be produced in the 
member in order to resist it. 

This contrary force, commonly called the strength of the 
member, produces a contrary moment, known as the Moment of 
Resistance of the member ; tl^is is generally denoted by the 
symbol 

GENERAL INVESTIGATION. 

In order to arrive at some measure of this moment of resist- 
ance, certain facts or laws have to be known. The first is 
called Hooke's Law ; as originally expressed by him, it is " Ut 
tensio, sic vis," or freely translated, " the strain is proportional 
to the stress." 

The second is, that transverse planes or sections which are 
right or straight, before bending, remain straight after bending. 

Both these laws are true as long as the materials composing 
the members are not stressed beyond the ** yield point." If 
then, we consider a member subject to transverse stress or 
commonly a beam, it is clear without proof that some of the 
theoretical layers or fibres composing the beam, are in com- 
pression, and some in tension. 

Whether the upper fibres are in tension or compression 
depends on the method of support or fixation or on the sign 
of the moment of flexure. 
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Where this tension changes to compression there must be 
some fibre or layer in the beam which is not stressed either in 
tension or compression. 

This layer or fibre is called the "neutral layer," and the 
intersection where this layer intersects any vertical cross-section 
of the beam, is called the " neutral axis *' of that section. 

Consider a beam as shown in Fig. 87, and any section of this 










Fio. 87. 



Fig. 88. 



beam XF, and apply a load upon it until it bends as in Fig. 88. 
Then the vertical section X'F will still remain a straight line, in 
accordance with the second law given above. 

If we now enlarge these two sections, and superimpose them 
as shown on Fig. 89, it is clear that the upper fibres of the beam 
have been shortened by the amount XX! ^ and the lower fibres 
have been elongated by the amount YY\ 

The lengths XX! and FF' represent the amount of compression 
or tension, or the strain, due to the stress on the beam. 

The lines XY and X'F' cut at O, which is a fibre of no stress, 



XJT' 



T 
/ 



I 




Fig. 89. 



and is therefore the neutral axis. Then as the strain is propor- 
tional to the stress (Hooke's Law) and we measure our strains 
from XY for convenience, we can make a stress diagram showing 
the stresses set up in the fibres from Fig. 89. 

Fig. 90 will be such a figure, where AA^ is proportional to XX', 
and BB' is proportional to YY'. Also as XY and X'l^' are 
straight, in accordance with our original assumption, ^B and 
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A'B' are also straight lines. This being so, the stress at any 
layer is clearly proportional to the distance from the neatral axis. 
The moment of resistance of the section is obviously equal to 
the sum of the moments of all the stresses, shown in each fibre 
in the figure, about the neutral axis 00, both above and below it. 
If we take any fibre, distant 2/1 from the moment of this fibre 
about is 2/1 X stress at yi. Now the stress is proportional to 
the distance from the neutral axis, so that if /is the stress per 
unit area in AA\ and OA = y, the stress in the fibre distant 

2/1 from is equal to ' ^ ^^ 

y 

Hence the moment of that fibre stress round the neutral 
axis is : — 

y 

y ' 

This is the moment of resistance due to that fibre. But every 
beam has some breadth, and each fibre is stressed equally 

throughout its breadth, so that consider- 
ing this fibre as being a layer across the 

beam, the moment of resistance of the 

f 
layer is: — '^-yi^ X breadth of beam (on 

the particular horizontal section under 
j^,j consideration) (Fig. 91). Let this breadth 

be called bi. Then the moment of re- 
sistance of this particular layer under consideration is : — 

^ X 2/1^ X bi. 

The moment of resistance of the whole beam is the sum of the 
moments of all such layers which is : — 

^ [yi^ XbiX di + 2/2^ X ta X rfa + 2/8^ X 63 X da + etc.] 

where di, rfa, etc., are the thicknesses of the layers under 
consideration and are infinitely small. 

This expression includes all layers both above and below the 
neutral axis. 
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The expression [yi^ XhX ch + 2/2^ X ta X rfn + ys^ X 63 X da] 
is called the " moment of inertia " of the section and is usually 
denoted by the symbol " 7.*' 

Therefore substituting I we obtain the moment of resistance of 
the section : — 

Mn = f- 

y 

7, or the moment of inertia of any section is a symbol, used to 
denote briefly a certain property of that section, which depends 
on its shape alone. 

/ is entirely independent of the material of the beam or 
member under consideration. 

It is rarely that I will have to be worked out for any beam, as 
it can be found for all standard sections in tables published 
by the British Standards Committee, and also by nearly all 
engineering firms. 

In the case of large beams or girders, which are not of standard 
dimensions, a diflferent formula, not involving J, will probably be 
used, for finding the moment of resistance. 

MOMENT OF INERTIA— GENERAL DEFINITIONS. 

The moment of inertia of any section is a property of that 
section with reference to an axis, depending only on the shape of 
the section. It should not be confused with the moment of 
inertia which concerns mass, and with which it has nothing 
whatever to do. 

The term moment of inertia has been applied above to the 
expression y^ h\ di + y^^ h^ d^ + etc. 

This represents the moment of inertia of a figure or section 
such as shown in Fig. 91 referred to its axis 00. It is a general 
case, in which yi and f/2, etc., increase up to a limit called y. 

bi and 62, etc., may be equal, or unequal, also di, da, etc., may 
be taken of the same or diflferent values but must be very small. 

This may be translated into a definition thus :— 

Definition. 

"The moment of inertia of any section round any axis of 
reference is the sum of the products of areas into the squares 
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of their C.G. distances from the axis of reference, provided that 
the areas are very small." 

This includes all areas in the section whether above or below 
the axis. 

To find / for any section from this general definition, for the 
purpose of determining the M^ of a section, the moment of 
inertia of the section round its own neutral axis is the value of 
I required. 

Now, it can be proved for beams of homogeneous material, 
that is a material offering the same resistance per square inch to 
tension as compression, that the neutral axis passes through the 
centre of gravity of any cross-section since the sum of the tensile 
stresses must be equal to the sum of the compressive stresses. 

Hence the neutral axis can be found and 

u U ' ^ ~ *! ^^ drawn for any section. 

' We are not often concerned with irregular 

1 sections in simple engineering problems, and 

JO "" tc therefore the neutral axis is always an easy 

matter to locate. 

In Fig. 92, let 00 be the neutral axis pass- 






FiQ. 92. iiig through the C of G. 

It is required to find I for the whole section 
ABFE. Consider / for the upper portion ABCD referred to the 
axis 00 ; then the rule stated above applies ; viz., I = sum of 
products of areas into squares of eg, distances from axis 00. 

and when the thickness of areas is very small 

This is the moment of inertia of a rectangle with reference to 
its base as axis. 

Similarly for the figure DEFC 

Hence I for the whole section equals the sum of the moments 
of inertia of its two component rectangles ABCD and DEFC 
referred to 00. 
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2 = ^ V 

Now let the total depth of this rectangular section shown in 
the figure be called d. 
Then d = 2// 



or 



d 



Substituting for y above 



8 



8 \2/ 

This is the moment of inertia of a rectangular section, b X d, 
referred to its own neutral axis. 

This result is an important one, being that used in order to 
find Mr. 

It was shown above that the Mr of a beam 

y 

Hence the Mr for a rectangular beam h x d 

=L X — 6rf8 
^12 



This formulae is of everyday use. 

In a similar manner I has been worked out for other common 
simple sections, and the values are tabulated here. 

Bectangle, breadth 6, depth d . 
Isosceles triangle, base h, height d 

Circle, diameter d , 

Annulus, external diameter D] 
„ internal diameter d ) 
Semi-circle, diameter d . 



. /= 


i^"-- 




. 7 = 


36' 




. / = 


■nd* 
64' 




. 7 = 


64^ 


■d*). 


. 7 = 


: -0017 d*. 





S.B. 



b; 
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Note. — I being the product of areas into distances squared is 
in inch 4 units. 

So far I for simple sections only has been found. 
In the finding of I for a rectangular section above two 
important rules are exemplified. 

1. The moment of inertia of the whole section is equal to the 
sum of the moments of inertia of the component rectangles ; all 
being referred to the same axis 00, This is obvious from the 

original assumption that I is the sum of 
^ ^^ 4 " | g certain products. 

2. The moment of inertia of an area or 



T^ 

0- x4 * -I 



• jjl 



it 

I 



K 

section round any axis 00, is equal to the 
moment of inertia round its own neutral 



axis, + its area multiplied by the square of 
the distance of its neutral axis from the axis 
00. For example, the moment of inertia of 
the rectangle A BCD (Fig. 93) round 00 is equal to its / round 

KK plus the area ABCD multiplied by | squared. 

The formula for I for a rectangular section round its own 
neutral axis is, 

Hence the moment of inertia of ABCD round A'A' 

Its area = by. 

Its neutral axis KK is distant | from 00. 

Hence by rule 2 its / round 00, 

"" 3" 

The two rules stated above enable us with the aid of the simple 
formulae given in the Table above to find I for almost any 
rectilinear or symmetrical section whatever. 

The two important rules are stated again. 
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1. llie moment of inertia of any section aboict its own neutral 
axis is the sum of the moments of inertia of its ov>n component areas 
round that axis, 

2. The moment of ineHia of a section or area round any axis of 
reference is its moment of inertia round its own neutral axis plus 
the product of its area into the square of 

the distance of its own neutral axis from ^r~^ — ^~\^' i 

the axis of reference, , i ^ i 

The neutral axis of the component | | j [ 

areas must be parallel to the axis of ^■~ ~i"" ~ -" t ^ ,-^ 
reference. • I i 

These rules are now applied to find / ^ j j ^ ^ 

for some more complex sections. ^~ ~^ 

Fig. 94. 

Let Fig. 94 be the section of a beam. 

It is desired to find / for the two rectangles ABFE and HGCD 
round their neutral axis 00. 

Now the two sections named are composed of the rectangle 
ABDC less the rectangle EFGH, and the moment of inertia re- 
quired is / for rectangle A BDC + I for the rectangle EFOH, 
the latter being considered negative, i.e., 

I for ABCD - I for EFGH 

Now I for any rectangle is = — bd^ round its own neutral axis. 

Therefore substituting, 

ItorABDC = ^k<^, 

I for EFGH = - i- fty. 

Also the area of rectangle ABDC X the square of the distance 
of its eg, from the neutral axis 00 of the whole figure 

= A:c X 

= 0, 
and the area of rectangle EFOH X the square of the distance 
of its e.g. from the neutral axis of the whole figure 

= kbxO 

= 0. 

Therefore / for the portion of the section under consideration 
round the axis 00 

B 2 
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= r^''^ - r^'"'' + "" - "" 

This is the expression which gives / for the top and bottom 
flanges of a girder, and is of common occurrence, vide Table VIII. 

This can be farther elaborated for a 
section as in Fig. 95. 

Here the section consists of two rect- 
angles above and below the neutral axis 
^- -r - -1^''—^ 00. 

Then the moment of inertia of the 
whole section under consideration is the 

^^^ „. sum of the moments of inertia for the 

Fig. 9». 

component parts round 00. 

This has been found above, for the outer rectangles ; it remains 
only to find / for the inner rectangles Iman, and pqrs. 

This is done in the same way as before, by subtracting I for 
Imqp from I for nors. 

Therefore I for the inner rectangles 

= ^hb^^^ha^XO-0 

Therefore the required I for the whole section shown shaded is 

This may be expanded to any number of rectangles which may 
make up any shape required. 

Now let Fig. 96 be a section of a steel / beam. 

It is required to find a formula for /. 

Draw Fig. 97, building it up of rectangles which contain the 
same area or cross-section as the beam in Fig. 96. 

Lettered dimensions are marked on the figure. 

Then I for the whole section is the sum of the moments of inertia 
for all the component sections plus the areas of these sections 
multiplied by their eg, distances from 00 ; this latter term 
vanishes since the eg, of the rectangles considered are on the 
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N,A,, and the total moment of inertia is moment of inertia of the 
web or inner rectangle l-^gA plus the moment of inertia of a 
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rectangle, length h width ft, — the moment of inertia of a rectangle 
length a width h ( = _ (p — a^ ) plus the moments of inertia 

of the two outer rectangles 

(= 1 (rfs - (?) and A (c8 - P) respectively) 

which are obtained similarly. 

Therefore / = ^ [ga^ + ft Qfi - a^) + fc (c^ - 6») + Z (rfs - c^)}. 

This is the general formula for I for all built up steel girders 
and beams. 

The general rule can also be applied to a T section, such as 
is shown in Fig. 98. 

/ for the area ABCD about the neutral axis is 

/ for the area EFCD is similarly 

b2^ 



E 



- 6 -^ 



/ for the area GHLK is : 

"■^ 8 
/ for the area KLNM is : 

■" 8 
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Therefore / for the whole is — 

-b g . 

The general equation for the moment of resistance of any 
section has been found to be 

where /is the resistance of the material composing the section to 
fracture, / is the moment of inertia of the section, and y is the 
distance of the neutral axis to the extreme fibre. 

The moment of resistance must be at least equal to the moment 
of bending in order to ensure safety against failure, and so we 
obtain the equation 

Mr = Ms. 



FACTOK OF SAFETY. 

In members composing a structure it is not sufficient that the 
moment of resistance shall be only equal to the bending moment. 
Some factor of safety must be introduced. Materials do not retain 
for ever their original strength ; timber may rot, iron and steel 
may rust, there may be some slight subsidence, or many other 
disturbing factors may alter the original state of affairs. It is 
impossible to foresee all these things, and without some margin of 
strength over and above the actual strength required any such 
unforseen alteration in the actual conditions would necessitate 
some strengthening or renewal. To avoid this necessity and to 
meet the uncertainty as to the exact strength of the materials a 
factor of safety is introduced. 

The factor of safety should be introduced in the value assigned 
to/. 

If R is the ultimate resistance of the material to cross breaking, 

/ should be equal to ^ — 7 ^ — ^-7-. 

*^ ^ factor of safety 

The value of the factor of safety is largely a matter of experience 

and expediency, and will vary from 2 in an extreme case, where 

the conditions warrant such a bold course, to possibly 10 where a 

large margin is considered necessary. Broadly speaking, in 
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building work the ordinary factors of safety may be taken as 
follows : — 

•^ ■* ! 1 1 L^XjX. ••• ••• ••• ••• ■■• ••• ■•■ t^ 

Qfftpl A 

KJ U^7^X •■■ ••« ••• ••• ■•• ■•• ••• iX 

Wrought iron 4 

O&Bt iron ... ... ... ... ... ... o 

It is impossible to lay down any definite figures, but the above 
may be considered as a guide. 

These factors of safety, of course, are entirely independent of any 
addition to actual live load which may be considered necessary to 
compensate for shock, impact, etc. 

Various values for / can be found in many places, and the 
following table gives some values taken from many tables : — 



TABLE I. 

Safe Working Stresses on Timber. 

Factory of Safety of 5. 



Name of Timber. 


Trans- 
verse 
stress. 

/ 


Ten- 
sion. 

4 


Com- 
proKsion. 

4 


Bear- 
ing. 

4 


Sliear- 

ing 
across 
grain. 


Shear- 
ing 
along 
grain. 

4. 


Modulus 
of 

Elasticity. 

E. 




Safe stresses in lbs. per square inch. 


Baltic Fir 

Pitch Pine 

British Oak 

Deodar (India) 
Teak (Burmah) 
Sal (India) 


1,200 
1,400 
1,600 
1,008 
1,530 
1,640 


1,400 
1,120 
1,750 
700 
1,210 
1,210 


1,000 
1,120 
1,4.50 
700 
1,340 
1,210 


1.340 
1,400 
2,800 
700 
1,340 
1,210 


360 
560 


140 
224 


1,440,000 
1,500,000 
1,200,000 
1,500,000 
1,600,000 
1,800,000 



Safe Working Stresses on Iron and Steel. 

Factory of Safety 4. 



Mat«^rial. 


Trans- 
verse 
stress. 

/• 


Ten- 
sion. 

4 


Com- 
pression. 

4 


Bearing. 

4 


Shear- 
ing. 

4 


Modulus 

of 
Blasticity 

E. 




Safe stress in tons {ter square inch. 


lbs. persq. inch. 


Citeei ... ... ••• 

Wrought Iron 

Ca.st Iron 


7 
6 
3i 


n 

6 

n 


7 
5 
8 


8 

6 

10 


5^ to 6 
4 to 6 
2i 


30,000,000 
29,000,000 
17,000,000 
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fl 

The formula Mr = -^ is a general formula and applicable to 

any section. 

For simple sections it can be simplified. 

These simplifications only apply to beams of homogeneous 
materials, that is, whose fibres have an approximately equal 
resistance to tension and compression caused by bending. 

Wood, steel in beams and small girders, and wrought iron are 
materials of such a kind. 

For a rectangular beam of breadth h and depth d 



3 



then ^^ = -^^^r^ 
y 12a 

Similarly for a circular section substituting ^ for I and 

2 *^^ ^* 

y - 32 • 

It should be noted that a beam of rectangular section is 
very extravagant as far as resisting bending moment is con- 
cerned. 

A beam of the section shown in Fig. 99 (shaded portion) is the 
most economical in theory. 

The useless portion of a rectangular beam would, however, 

have to be cut away, and the labour and waste 

? ^ involved would cost more than any saving of weight 

^^ would warrant. 

to/. o* Furthermore, in practice, the lateral cohesion 

of the fibres is such that some of the pressure is 

/ should \k transmitted from the shaded to the plain part 

.of the section, increasing the strength as much 

®^ _.^ per cent, above the theoretical strength of the 
and expedie 

tne con 1 1 i^^^^ beams where the sections are rolled to any 
large margi 
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required shape (nowadays standardised) the beam is made of the 
section shown in Fig. 100, where the most of the metal is grouped 
in the flanges which are united by a thin web of steel, ^ 

thus saying weight and material without waste. 

Most tables of standard sections and makers* '^^'''''•, 

of RSJ 

catalogues give for each section the value of -, ^ 



generally called the " section modulus." 

Knowing the section modulus, it is only necessary to multiply 
this by the value of /, in order to obtain the true Mr of the 
section. 

In ordering sections it is best to state the standard number, 
size, and weight, thus : — 

B.S.B. No. 8, 6 inches by 8 inches, at 12 lbs. per foot. 
All this information is given in tables of sections. 

For larger built-up girders and beams, it is laborious to find 
the values of I, and an approximate formula is often very 
valuable. 

MR=fad, 

where a = net sectional area of one flange, i.e., deducting area of 

rivet holes 
d = distance between the centres of gravity of the top and 
bottom flange areas. 

Note. — In this formula, ** a " is really the equivalent area for 
the flange, vide definition of equivalent area below. But in built- 
up beams where the Mr exerted by the web plate is so small as 
to be negligible, and where the top and bottom, or tension and 
compression flanges, are equal and symmetrical with one 
another, " a " may be taken as the actual net area of either 
flange. 

For joists or small girders " d " can be taken as the full depth. 

For larger or built-up girders "d" is usually taken as the 
depth of the web plate. 

For other beams, joists, or girders, where the web is very thick 
or of considerable sectional area compared with the flanges, ** d " 
must be taken as the actual distance between the centres of 
gravity of the flanges. 
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This formula is deducible from the formula 

for rectangular beams (Fig. 99) or vice vend. 

EQUIVALENT AREA. 
Definition. 

The equivalent area for any section of a beam or member 
loaded transversely, is that area which, if all its fibres were 
exerting their maximum stress, would produce a moment of 
resistance round the neutral axis, equal to that actually produced 
by the whole section of the beam about the neutral axis ; or, in 
other words, referring to Fig. 99, if the shaded portion above 
the neutral axis were equally stressed all over up to the utmost 
permissible value of /, for the material in question, it would 
produce the same moment round the neutral axis as the whole 
area aoo^dy whose fibres are stressed at a maximum at ady and 
decreasingly down to zero at 00\ The shaded portion is the 
equivalent area for the section aoo^d. 

Some examples on Mr are given in Chapter VII. 

Generally, the use of equivalent areas is to find the il/^ of a 
section of a built-up girder, for which / is not known and is 
difficult to calculate. 

MODULUS OF RUPTUEE. 

A definition is given on p. 6. 

As previously stated, it is derived from experiments on different 
materials, and is given in nearly all tables. 

Samples of the different materials are loaded until they break, 
and / is then calculated from the formula, 

y 

in which the M^ is known. 

The values obtained for / are misleading, as the yield point of 
the material is past before rupture takes place, and consequently 
the formula for the Mr ceases to be correct. 

However, in dealing with any new material not tabulated, it is 
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best to take a sample similar in section to the section required 
for use, taking care to select a sample rather below than above 
the average, and test it by cross breaking, calculating the modulus 
of rupture. 

y 

= f.axL 



CHAPTER V 



SHEAR 

So far only tensile and compressive stresses, due to transverse 
loading of a beam or member, have been considered. 

Transverse loading, as has been shown, tends to produce 
failure by tension or compression in the upper or lower fibres of 
the beam or member. 

There is, however, another stress produced by transverse 
loading, which is of very great importance. This is called 
Shearing Stress. 

Consider any loaded beam, and draw an Mg diagram as shown 
in Fig. 101 (for a supported beam). It will be seen that the Mg 

is a maximum at one point, 
decreasing to at both points 
of support. 

There is, therefore, a differ- 
ence in Mb on the beam at 
any two adjacent points, such 
as X and A'l, represented by 
the portion of ordinate YZ. This difference shows that the 
statical equilibrium between these two adjacent points or sections 
must depend on some force or other moment not apparent on 
this diagram without further investigation, or in other words : — 
At the point X the M^ is represented by the ordinate A'F, and 
calls into play a certain Mji from the beam, in order to resist it. 

At the point Xi the M^ is represented by the ordinate XiYi, 
which is less than XV, and calls into play a lesser Mji from the 
beam in order to resist it. 

That is, the Mr at Xi is less than at A', 

and consequently, since Mj^ = / -, 

the value of the / at Xi must be less than at X (since - is a 
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constant), Le., the tensile and compressive stresses along the 
fibres of the beam are less at Xi than at X. 

This proves that there must be some other force or moment 
tending to disrupt the beam, acting between X and Xi, which 



D 




Fig. 102. FiQ. 103. 

will take up or meet the reduction in fibre stress between X and 
Xi, so as to preserve equilibrium. This is termed "shearing 
stress/' and is resisted by the strength of the beam to resist 
shear. 

If a particle of rectangular form on any longitudinal section 
of a beam be considered before and after bending, it will be seen 
that if before bending it is of the form shown 
in Fig. 102, after bending it will assume the 
form as shown in Fig. 103, both figures being 
greatly exaggerated for clearness. 

From the shape of the parallelogram in 
Fig. 103 as compared with the rectangle in 
Fig. 102 there must be forces acting on the 
parallelogram in Fig. 103 as illustrated diagrammatically in 
Fig. 104. 

This gives an idea of the action of shear. 
If the parallelogram were to become so elongated as to become 

almost one straight line, the beam 
would have failed by shearing, 
vide Fig. 105. 

The diagonal forces tending 
to compress the diagonal AC 
Fig. 106. (Fig- 104) necessarily induce a 

tension along the diagonal BD as 
shown by the force lines inside the parallelogram. 

It is sufficient for simple members to consider this shearing 
force as a compressive force acting at 45° to the vertical, upwards, 
towards the centre of gravity of the load, and a tensile force acting 
at 45° upwards away from the centre of gravity of the load, being 




62 THE DESIGN OF SIMPLE STEEL BRIDGES 

induced by the minute deformation, or strain, caused by the 
compression. 

It is only necessary, then, for homogeneous members, in which 
resistance to tension and compression are the same, to consider 
the compressive force, acting at 45^ to the vertical, upwards 
towards the centre of gravity of the load. 

This force may be looked upon as resolved horizontally and 
vertically into two forces, a horizontal force tending to separate 
imaginary horizontal layers one from the other, as in Fig. 107, 
and a vertical force tending to separate imaginary vertical layers 
from one another, as shown in Fig. 106. 

It is, however, important and necessary to remember in con- 
sidering shear in complicated non-homogeneous beams, that this 
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Fig. 106. Fig. 107. 

is only a simplified point of view, and that shear is a diagonal 
force, not two entirely separate and distinct forces, one vertical 
and the other horizontal. 

Owing to the fact that the diagonal force of shear is regarded 
as acting at an angle of 45° to the vertical, its components, 
namely, the vertical and horizontal shear, must be equal. 

This enables simple rules to be devised to obtain the value of 
either the vertical or horizontal shear at any section. 

The intensity of vertical shear at any section is equal to the 
intensity of the horizontal shear at the same section. 

THE SIGN OF SHEAR. 
A convention for sign has already been laid down as regards 

Shear being in the nature of a secondary stress to the Afg, the 
same convention must be followed. 

Referring to Fig. 101, the difference in M^ between X and Xi 
= M^ at X — Ms at Xi. 
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This difference is distributed over a length x, the distance 
between X and Xi. 

Then if X and Xi are sufficiently close, the shear may be 
assumed to vary uniformly between X and Xi, whatever the Mg 
curve may be, and the shear at any point between X and Xi will 
be 

» 

X 

which is represented graphically by 

XY- XiYi ^ YZ 
XXi YiZ' 

or the tan of the angle YYiZ. 

If X and -Xi are very close this will be the same as the tan of 
the angle made by the tangent to the M^ curve at that point with 
the horizontal. 

If this angle YEB is within the first or third quadrant the 
tangent is positive, and therefore the shear will be considered 
positive. 

To the right of the apex of the M^ curve, the angle is in the 
second or fourth quadrant, and the tangent of the angle is 
negative. The shear will therefore also be considered negative. 

This determines the sign of the shear. 

RULES FOR SHEAR. 

1. For cantilevers, the vertical shear at any section is equal to 
the sum of the loads between that section and the unsupported 
end. 

2. For supported beams the vertical shear at any section is 
equal to the reaction at one end minus all the loads between that 
end and the section in question. 

3. The intensity of horizontal shear at any point is equal to 
the intensity of the vertical shear at the same point. 

SHEAR DIAGRAMS (GRAPHIC). 

It is frequently of value to plot graphically the shear, vertical 
or horizontal, throughout a beam, and the following show the 
methods employed. 
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Fig. 108. 



Cantilever. Single load. — Fig. 108 shows the shearing stress 
diagram for a cantilever with a single load. The ordinates are 

the measure of the shear at any point. 
The vertical shear at any section is 
equal to the reaction at the support 
minus any loads between the support 
and the section in question. 

In this case the reaction is equal 
to the load (W) and is constant 
throughout the beam. 

The shear is positive, and is plotted 
upwards and measured upwards from AB. A scale of loads is 
required as the shear is measured in units of weight. 

Cantilever, Several loads. — With several loads on a canti- 
lever, the shearing stress diagram 
is as on Fig. 109. This dia- 
gram requires no explanation, as it 
is merely a combination of several 
diagrams similar to that in Fig. 
108; or the ordinates can be ob- 
tained by the general rule for deter- 
mining the shear at any vertical 
section. 

Thus, between the support and 
Wi the shear is equal to the reaction and is constant throughout 
the length, i.e., being equal to TFi + W^ + Ws- 

Between Wi and IF2 the shear is 
equal to the reaction, minus TFi 
again being constant in this length 
and 

= TFi + fFa + Ws - Wi 
= W2 + Ws 
Similarly between W2 and Ws the 
shear is equal to Ws and is constant 
throughout this length. 

Cantilever. Unifoim load. — For a 
cantilever loaded uniformly with w 
per unit length I, the shear on any section distant x from the 
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Fig. 111. 
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support is equal to the load between this section and the un 

supported end, i.e., to the load on the length (Z — x) 
=: w (I — x). 
This is obviously a maxi- 
mum when :r := 0, so that 

the maximum shear is at 

the support and equal to wl. 
Further, in the equation 

8 == w(l — x)fXiQ the only 

variable ; also the shear is 

zero at the end of the beam ; 

so that the shearing stress 

diagram is as on Fig. 110. 
In this case it will be 

noticed that the cantilever 

is fixed at the right hand 

end, and therefore the 

shear is negative and is 

plotted below the line. 
Other loading. — The 

above diagram can be com- 
pounded with the diagrams 

for single loads, giving a 
complete diagram as in 
Fig. 111. 

Supported beams, — In a 
supported beam, the sign 
of the shear is more im- 
portant, since it changes at 
some point in the beam. 

Single load. — Taking the 
case of a single eccentric load 
(Fig. 112), the shear at any 
section between the load and 
the left hand support A is 
equal to the reaction at A 
and is positive. Also at any point between the load and the right 
hand support B, the shear is negative and equal to reaction at B. 
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Plotting these results we get a diagram as in Fig. 112. 
Several loads, — For several loads the shear at each end and 
under each load can be worked out and plotted as in Fig. 113. 
Unifonn load. — With a uniform load (Fig. 114) the shear at 

either support is equal to — having due regard to sign. 

The shear at any section distant x from the left hand support is 
(-^ — i/'xj by rule. 

This is the equation to a straight line, the ordinates being a 
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Fig. 115. 



maximum and equal to -- at the support, and a minimum and 

£=0 at the centre. The shearing stress diagram is shown in 
Fig. 114. 

Such a diagram is easily combined with other diagrams for 
other loads as shown in Fig. 115 by the addition of the ordinates, 
having regard to sign. 



Ms FROM SHEAR STRESS DIAGRAMS. 

The shearing stress diagram can be applied in the case of 
simple beams to find the Ms- The M^ at any section is equal 
to the area of the shearing diagram (or sum of the shears) 
between the section in question and any other point where the 
ordinates of the M^ diagram are equal to zero. 

In the case of a supported beam, such points are the ends or 
points of support of the beam. 
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In the case of a cantilever, the unsupported end is such a 
point. 

In the case of fixed beams, the points of contraflexure are such 
points. 

Example. 

Take the case of a uniform load w per unit length, acting on a 
cantilever (Figs. 116 and 117). 
Fig. 117 is the Mb dic^gram. 
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Fio. 116. 



Fig. 117. 



The Mb at a point x from the unsupported end 



^wxX - 



2 
Pig. 116 is the shear stress diagram. 
The shear at the same point 

= wx 
The area of the triangle DCB 

wx X X 



which is the same as the M^ at that point. 

The rule generally stated is : — 

The Mb at any section is equal to the sum of the shears 
between that section and the nearest point of zero " bending 
moment." 

This applies equally to a supported beam, as may be seen on 

F 2 
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considering the shear and M^ diagrams, for any given condition 
of loading. 

A second useful fact which applies to supported beams, is that 
the Max. Mg occurs at the point where the shear changes sign. 
If the Ms diagram for any loaded beam is considered, this fact 
will be apparent (Fig. 101) ; for at the apex of the M^ diagram 
the tangent to the curve is horizontal, or indeterminate, and 
therefore the shear is zero. 

These two facts often enable a beam to be solved without 
finding the Mg either analytically or graphically by the methods 
given in Chap. IL 

Care must be taken, however, only to apply the shearing 
stress diagram to suitable cases, such as simple cantilevers, 
supported beams, or fixed beams under stationary loads. 

RESISTANCE TO SHEAR. 

Nothing is here said about the resistance to shear of various 
materials or sections. 

The practice of testing beams of a simple nature by calcula- 
tion in order to see whether they are strong enough to resist 
shear at their abutments or points of support is a useless one, 
since they are always amply strong enough, due to practical 
considerations of construction. 

Such perfunctory calculation, even when it is carried out, is 
merely concerned with vertical shear, and by no means assures 
the engineer of complete safety. 

It is, therefore, thought better to avoid any calculations for 
shear at this juncture, where they are not necessary, since they 
only serve to put into the mind an entirely wrong conception of 
the ** shearing stress " and the forces resisting shearing. 

Simple cleavage by shearing will be treated under the subject 
of joints, etc. The more complex action of shear in beams, 
girders, and other composite beams or frames, must be treated at 
some length in each case. 
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Fig. 118. 




DEFLECTION 

In many structures it is not sufficient that the members shall 
be strong enough to resist cross breaking, these members must 
be also stiff enough, that is to 
say, the load must not bend 
the member more than a cer- 
tain amount. It is necessary to 
be able to calculate the amount 
of this bending or deflection, and for that purpose the following 
formulae are given : — 

If A is the deflection measured as shown on Fig. 118. 

Then 

£7' 

n is a constant depending upon the method of fixation or 

support of the beam and method of loading. Values of n 

will be found on the table below. 
W is the total load. 
I is the span. 
E is the modulus of elasticity of the material to be found on 

Table I., Chapter IV. 

I is the moment of inertia of the section. 

Note. — The deflection of a steel beam should not exceed tj^^ 

of its span. 

Table II. — Values of n and n'. 



Arrangement of Beam and Load 


Beam of uniforiu cross 

section throughout its 

length. 




Value of 
n. 


Value of 


Sapported at both ends and loaded uniformly . 
Supportr^d at both ends and lua led at centre 
Fixed at both ends and loaded uniformly .... 
Fixed at both ends and loaded at centre .... 
P'ixed at one end and loaded at the other (cantilever) 
Fixed at one end and loaded uniformly (cantilever) . 


b8? 

lis 

i 


A 
A 
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In using this formula the greatest care must be taken not to 
confuse units. 

If W is in tons E must be in tons per unit area. 

The deflection A is usually measured in inches so the span 
must be in inches. 

I is usually inch* units. 

Any alteration in units must be very carefully watched so as 
to prevent any chance of such an error. 

There is a second formula or modification of the previous 
formula suitable for use with a proof load or where it is desirable 
to test the safety of a structure by measuring the deflection. 

The formula is 

Ey ' 

n' is a factor as before to modify the result according to the 
loading, etc., and various values of n' will be found on 
the table given previously. 

/ is the resistance per square inch of the material to rupture. 

I is the span. 

E is the modulus of elasticity. 

y is the distance from the neutral axis to the extreme fibre. 

Great care must be taken as before to observe the proper 
units. 

. This formula is somewhat easier to work out as the arithmetic 
is simpler, but is more limited in its application. Its chief use 
is, as previously stated, to determine the maximum fibre stress,/, 
under a test load from the observed deflection. 

It is worthy of note that the strength of a beam varies as the 
breadth and square of the depth, but the deflection varies as the 
breadth and the cube of the depth. 

Take as an example a rectangular homogeneous beam. 

Then Mj, = i^/7< 

and deflection A = ^^ijl 

El 

For a given span and load and material I is the only variable, 

and as the increase of deflection means decrease of stiffness, the 

stiffness can be considered as the reciprocal of the deflection, that 
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is to say, the stiffness varies as — = -=7^0. 

A riWP 

I being the only variable the stiffness varies directly as I. The 
moment of inertia of a rectangular homogeneous beam is j^ hd^. 

So that the stiffness varies as the breadth and the cube of the 

depth, while it is clear from the formula M^ = ^ fbcP that the 

strength varies with the breadth and square of the depth. 

This naturally leads to the use of beams of considerable depth 
compared to their breadth, but practical reasons, as well as the 
restrictions entailed by the necessary resistance to shear, limit 
the depths which can profitably be employed. In timber it is 
difficult to secure thin beams placed on edge ; in steel and iron 
the web of the beam will buckle and fail, due to shear, unless 
made extravagantly heavy. 



CHAPTER VII 

GENERAL AND RECAPITULATORY WITH EXAMPLES OF BEAMS 

Every loaded beam has to. resist : — 

(a) M^, 

(b) Shearing stress, 

(c) Deflection. 

(a) The A/^ is resisted by a moment of resistance or Mj{ 
which is produced by the strength of the material itself, and in a 
homogeneous material : — 

Mr = •— for any section 

Mr = fad for any symmetrical section 
A/jj = -fbd^ for any rectangular section 

(b) Shear is resisted by the cohesion of the particles of the 
whole cross-section of the beam. 

(c) Deflection is resisted by the stiffness of the section due to 
its form, and by the elasticity of the material. 

Beams may either be of uniform cross-section throughout, or 
may be of increasing section towards the point of greatest strain. 
The former are the most common. 

Consider Fig. 21. 

The Max. Mg is produced at C, and the beam must be strong 
enough at C to meet this Max. Afg. 

But at either side of C the A/g decreases towards the ends, and 
the beam need not theoretically be so strong. In fact, the cross- 
section and depth of the beam might be greatly reduced towards 
the ends, even down to zero at the actual points of support, if it 
were not for considerations of shearing stress, and also prac- 
tical economy of labour. In the case of timber beams it is 
not economical to cut away the useless portions of the beams 
towards the ends, since the labour would be great and there 
would be no saving. It is consequently never done. 
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In the case of rolled steel beams, of I section, the same 
theoretical considerations apply. 

But here again it is more economical to roll these beams of 
uniform section throughout, the saving in labour more than com- 
pensating for any waste of metal and slight increase of weight. 

In built-up beams of steel or iron, however, an attempt is 
always made to reduce metal and weight wherever possible, so as 
to accord most closely to theoretical considerations. 

Such beams are therefore made of light section near the 
supports or points of least stress, and are strengthened by the 
addition of extra plates at the points of greatest stress. 

Fish-bellied girders and beams are instances of this ; also all 
larger girders in which the flange area is increased towards 
the centre of the span, so as to give increased strength where 
the Ms is greatest. 

Practical considerations usually determine the width of any 
beam, and it is very rarely that the width can advantageously 
be increased or decreased at different portions of the beam, 
i.e., it will nearly always be a constant throughout the beam. 

In practice the only two variables in the design of a beam 
are the 

(1) Flange area ; 

(2) Depth. 

Of these two the depth is the most useful for variation in the 
design of small beams, and the area of the flange in the design 
of larger girders. 

For ordinary sections of steel usually rolled, the British 
Standard Sections should always be employed. The moment of 
inertia of all these sections has been most carefully worked out 
and can be found in tbe publications of the British Standards 
Committee, or in the catalogues of firms who roll and supply 
these sections. 

It is usually most injudicious and extravagant to use any but 
a standard section, and preferably stock sections in common use. 
Any economy in material which may result from a specially 
designed section, which has to be of rolled steel, will be more 
than swamped by the cost of the rolls, etc., required to produce 
such a section. 
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Where light loads and small spans are involved (up to 10 feet 
or 12 feet) timber beams or small metal beams of rectangular 
section are generally met with. 

In this case only the shaded portion shown in Fig. 99 is 
theoretically used in producing Mr, the unshaded portion being 
wasted except for resisting shear. 

This shaded portion is known as the equivalent area of the 
section, i.e., that area over which / may be assumed to act with 
its full intensity in order to produce the same Mr as the beam 
actually does. 

It is not economical for small spans or loads to cut away 
this useless portion. 

For larger loads and spans (10 feet to 20 feet) rolled steel 

joists and I section beams can be used. 

fl 
Their MR = '—y I and y being easily found graphically or 

from standard tables. 

They are not very economical for the longer spans, for they 
are of uniform section throughout. 

The Mr can also be got from the *'fad '* formula, but " a " 
and " d " are not always easily obtainable for rolled sec- 
tions. 

Makers' catalogues nearly always give the values of / and y. 

For still larger loads and spans (20 feet to 80 feet) built up 
girders must be used, the Mr or strength of the girder being 
accurately or closely designed to meet the actual Mr at every 
point. 

The simplest form of a built-up beam is a plate girder, 
consisting of a top and bottom flange and a connecting web 
plate. 

The flanges increase in thickness towards the centre to meet 
the increase in Mr. The web may decrease towards the centre 
proportionately with the shear. Such a girder is nearly 
universal for spans of 20 feet to 50 feet in permanent work. 

The Mr of such a section is most easily found by the formula 
Mr = fad where/ is the safe resistance to compression or tension 
in tons per square inch. Mr is the moment of resistance in 
foot-tons or inch-tons, according to the unit of d. 
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Table VIII. gives the moment of inertia for additional top and 
bottom plates on such a girder. 

Note. — y must always be taken as the distance from the 
neutral axis to the extreme fibre. 

E.g., in the case of a T beam Fig. 119, y is greater than j. 
j is usually given in tables, but should 
not be used ; y = d — j. TC 



;v- I 



Example. ^. 



T 



f-^ 



To find the moment of resistance or Mj^ ' 

of an I section beam, using makers' tables. ^^^ ^^^ 

Referring to tables, a section that 
appears suitable for the particular purpose can be selected. 

Let us assume that a beam 19^ inches by 11^ inches in size 
(nominal 20 inches by 12 inches) weighing 188 lbs. per foot 
appears suitable. 

The makers* catalogue or tables state : — 

Greatest moment of inertia (longer axis) = 2,674 inches*. 

Least moment of inertia (shorter axis) = 282 inches*. 

Let us assume that the beam is to be used with its greatest 
dimension upright. (It would not usually be used on its side.) 

Now Mji = •^. 

y 

Here / = 7 tons for steel. 

y = 19JJ inches -=- 2 = '^^^ inches, 

I = 2674, 
. • . 3/^ = 1-^^ X 2,674- inch-tons, 

= 1,902-75 inch-tons. 

To find the 3/^ when the beam is on its side, use the least 
moment of inertia. 

Example. 

Mji of a beam by finding I, — Find the strength of an iron beam, 
Pig. 120, by finding I and allowing for rivets. 

fl 
The formula is Mj> = *— . 

y 



I 
I 
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and I = ^ 1(10." + k (h' — a^) + I {<^ — h") + etc. . . .] 
(Chftp. IV., p. 53). 

In this example tlie flange section is cut up into imaginary 
rectangles, ahdc, cdf<\ ejhg, kiinn. 

The rectangle cdfo, representing 
"^ ~ "* "-^ -J (- a rivet hole, is merely omitted. 

fl^Vj.'jVVi Hence there is no term containing 
(<■' — 1^) in the above formula. 

The rivets in the top rectangle 
kimn are allowed for by subtracting 
them from m (viz. 10 inches — 2 
inches = 8 inches). 

The values a, b, c, tl, e, k, m are 
easily obtainable from the dimen- 
sions of the beam. 

Eeterring to the lower portion of 
the beam in Fig. 120 and substi- 
tuting, we get :^ 

I = ^ [1 X 19» + 2i (211" 
^" r- -J - m + 2i (26J» - 231") + 8 

Fia. lao. (30»-26J"')]. 

= ^ (6,857 + 8,607-5 + 10,425 + 67,120). 
= 7,751. 

/I 




Then since Mr 



Therefore 



M. 



J X -' 



7,751 _ 



16 



: 3,100 inch-tons. 



assuming/ ^ 6 tons per square inch for iron. 

In practice all these rivets would not occur at the same section 
of the beam, hut those in the flange would break joint with those 
in the web. 

EXAUPLE. 

To find the Jl/^ of a beam by using the formula 

Mf, =/ail. 
Assume the same section of a beam as in the previous example 
(Fig. 120). 

Divide it up as before into convenient rectangles. 
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Then M^ = 2fad. 

= f^'od, where d = distance between the c of ^ of 
rectangles respectively, and a = the areas of 
rectangles after deducting for rivets. 
= 6 tons [(10 inches — 2 inches) X 1 inch X 29 
inches + (10 inches — 2 inches) X J inch X 
274 inches + If inches X 2J inches X 25J 
inches + If inches X 2^ inches X 20| inches]. 
= 6 (282 + 163-6 + 86-4 + 70-9). 
= 8,817*4 inch-tons. 
In the above, the rectangle kinin has been divided into two to 
illustrate the principle involved. It does not always happen that 
the angle irons come 

h- — js'- — ij 

A B 

I '75 






S..- 



2 6'' I 
I I 



Neutfi 



il 1 



4 4" 



T 







Axis 



r 



exactly ilush at their 
edges with the edge of 
the iron plate. 

The rectangle cdfe. is 
omitted as before to 
allow for rivets. 

The result is large as 
it includes a portion of 
the web. Compare with 
the previous result. 

EXAMPLB. 

To find the Af jj of an 
L section steel beam by 
finding I. 

The section is 8^ 
inches by 7 inches and 
is \ inch thick. There 
is a bole through it for 
a |-inch rivet at the neutral axis, which is 2*6 inches from the 
edge of the table of the L. 

Fig. 121. 

It is first necessary to find J. 

Refer to p. 58 and to Fig. 98, where the principle is given at 
length, also the general formula. 



1 



Fig. 121. 
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Here : — 

/ for rectangle AEFB (= ^'^) = 3'5 X ( 2;6)» 



99 



>> 



» 



>> 



»> 



DEFC 



_ h^\ _ 3-5 X (l-85)» 



(=-f) = 



3 



J/OF(J =-I^Xil:85)3 

3 



Therefore 

7 for whole section. 

= ^ [(2-6)3 - (1-85)3] + -^^ [(1-85)3 - (-375)3 + (4-4)3 _ (.375)3] 



+ -^ X 91-42 
o 



= ^X 11-26 
3 

= 35*98 inch* units. 

Now the A/r for the beam is — ^ where /= 7 tons per square 
inch. 



Hence Mr = 



7 X 35-98 



4-40 

= 57-22 inch-tons. 
Note. — The value found for 7 is a little too large since no 
allowance has been made for rounded corners or angles. The 
error is about 1 per cent. 



Example. 

To find I for a rolled section, without the use of a formula, 
from first principles. 

The same section of beam will be considered as in the previous 
example, Fig. 120. 

The section should be drawn out to a suitably large scale and 
then be divided up into a convenient number of rectangles as 
before. 
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Now, for extreme accuracy, the rectangles chosen should be very 
small, or else their own moment of inertia round their neutral 
axes would have to be taken into account, ride rule p. 51. 

But if the areas are small, it is generally suflSciently accurate 
and on the safe side to ignore their moments of inertia round 
their own axes, and simply to work to the definition : — 

I = sum of the products of areas into the squares of their e.g. 
distances from the neutral axis of the whole figure. 

Now the neutral axis passes through the eg. of the section. 
Assume this to be half-way down. 

I tor top plate and corre- \ _ ^ fin" v 1" v f^^Y] 
sponding bottom plate j- — ^ j^iu x i x ^y^ j 

= 4,205 

/ for rest of rectangle kitnn and ) _ ^ rio" v 3-" v /^^li^H 
corresponding rectangle at bottom j — -^ [J-^ ^ 4 ^ \ 2 / J 

= 2,785 
I for rectangle aghb and lower ) _ r^. „ 03,, /'22|y"] 
corresponding rectangle j "~ L ^ ^^ \ 2 / J 

= 2,4^5 

Total I = 9,415 

The moment of inertia for the rivet holes must be found and 
deducted from the total. 



/ for rivet holes) _ f , , /29\n 
in top plate ) " ^ L ^ \¥/ J 



= 841 



I for two rivet holes in) f mVl 

the rest of kimn [ ~ L * \ 2"/ J 



= 557 



I for one rivet hole = 2 [2^" x 1" X (^^) J 

= 646-5 

Total for rivets = 2044*5 

Therefore deducting for rivets, net valae of I 

= 7,370-5 

mu « nr fl 6X7,370-5 

Therefore Mj, =' — = 5^^ 

y 15 

=: 2,948 inch-tons (nearly). 
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The less the thickness of the flange and the smaller the 
rectangular areas, the more accurate this formula becomes. On 
the other hand, it is only an approximation and would be quite 
inaccurate for a beam I section (say) 4 inches wide and 6 inches 
deep, where the areas would become very large in proportion to y 
or the depth of the beam. 

This method of finding / is not as accurate as either of the 
preceding methods given. 

Example. 

Mji by the use of Equivalent Areas.— To find the strength of a 
beam of unsymmetrical section, e.g., a steel trough floor. 

The trough itself is symmetrical, but has a cover plate on top. 

This is shown in Plate I, being 2'.8" wide, IM" deep, 51.8 lbs. 
per foot of covered area. 

The trough is strengthened with a cover plate on top, 9" X |". 

Note. — This may sometimes be necessary for joining the 
troughs together as well as for strength. 

Consider one half of the trough only ; i.e., one half corrugation. 

Use the formula M^ =fad. 

To do this we must first find " a," or the equivalent flange area, 
either above or below the neutral axis ; either will suffice for our 
purpose. 

Therefore first find the position of the centre of gravity, which 
will give the neutral axis. 

In order to do this, it is necessary to take moments of the 
component areas of the section round the bottom edge of the 
section, or round any other convenient line. 

The sectional area of half the trough without the cover plate 
on top = 18*84 square inches (found from tables or planimeter). 

The sectional area of the cover plate is 
= 2*25 square inches. 

Taking the moment of these round the bottom edge of the trough. 

18 
The moment of the trough section = 18*84 X a"- 

= 122-46 
The moment of the cover plate = 2*25 X 18*25. 

= 29-81 

Total moment = 152-27. 
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PLATE I.— Section of Stbbl Tbocgb. 
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Then divide this moment by the total area, and obtain the 
distance of the centre of gravity of the whole figure from the 
bottom edge : — 

Required distance = ^^,^^ , ^.^g 

= 7*22 inches. 

This fixes the neutral axis. 

Where the troughs overlap and are riveted together, only one 
thickness is considered as operative and useful. 

It is now required to find " a " the equivalent area. 

Consider any fibre of the trough, in the lower half of the 
section, e,g., fibre ab. 

From a and h draw perpendiculars to the bottom line of the 
trough, produced, meeting this line at c and rf, and join c and d 
to 0, the point where the neutral axis cuts the centre line of the 
trough section. 

These lines will intercept some length ef on the line ab or ab 
produced. 

Plot these two points e and / as points on the equivalent 
area diagram. 

A similar process must be gone through for all fibres in 
the lower half of the section, obtaining a number of points 
similar to e and /, which will give the equivalent area. This 
area thus found is shown shaded in the figure; it has been 
drawn by constructing for fibres similar to ab about J inch 
apart. 

The area of this shaded figure must be measured and is found 
to be (by planimeter) = 7*15 square inches. 

The same process must be applied to the upper half of the 
trough, but since the upper edge of the trough section is nearer 
to the neutral axis than the lower edge, a line of reference X¥ 
must be drawn, before making the projections of fibres, which is 
the same distance from the neutral axis as the lower edge of the 
trough, viz., 7'22 inches. 

When this new line of reference has been drawn the construc- 
tion is the same as for the lower portion. 

We have now found the equivalent area both for the top and 
the bottom portion of the trough section, and if our construe- 
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tion is correct these two areas should be equal and each equal 
to 7'16 square inches. 

Hence 7*15 square inches is the equivalent area of the section ; 
" d " still remains to be found. 

Now d is the distance between the centres of gravity of the 
upper and lower equivalent areas. 

These c of ^ must therefore be found ; and this is most 
easily done by cutting out these areas accurately in cardboard 
or tin to scale, and suspending them against a vertical 
drawing board or other vertical surface, by a pin, stuck through 
a very small hole in the tin template so that it can swing 
freely. 

A thin string or line with a weight fastened to the pin or 
point of suspension, must pass through the c of ^ of the section 
or template. 

The vertical line so found should be marked on the tem- 
plate, and the template should then be suspended from another 
point and another line drawn upon it in the same way. 

The intersection of these two lines thus found is the c of ^ of 
the template. 

This method is not very accurate, but is far the simplest, 
analytical solution being out of the question. 

The c of gs of the shaded areas in this example have been 
found thus and are found to be 10*75 inches apart. 
Now Mji =fad 

=/ X 7*15 inches X 10-75 inches 
assuming /= 7 tons per square inch 
= 538*04 inch-tons. 



DEFLECTION. 
There are two deflection formulas : — 
(a) A=^^,^. 

This gives the actual deflection under any specific load. W 
and E must be in the same units. 

G 2 
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This gives the deflection when the outside fibres of the beam 
are fully stressed up to the maximum permissible value of /, 
and is independent of the shape of the section, or the method of 
support or loading of the beam. 

Example. 

A rolled steel I beam, 8 inches by 4 inches, 18 lbs. to the foot, 
is supported at both ends over a span of 14 feet, and is 
loaded with a total distributed load of 4*64 tons. 

To find the deflection produced. 

It is assumed that the beam has been so selected that it will 
just produce suflBcient Mr to safely resist the Mb produced by 
tbe load. 

In this case the extreme or outer fibres will be fully stressed 
to 7 tons per square inch under the load, and the formula 
that introduces/, but not I or W may be used. 

Ey 
Here I = 168 inches. 

/= 7 X 2,240 lbs. 

n' = A from Table II. 

4o 

E = 80,000,000 lbs. per square inch for steel. 
2/ = 4 inches. 
. . _ 5 7 X 2,240 168« 
48 80,000,000 4 
= '885 inches. 
This deflection is not excessive, as it does not exceed ^^ of the 
span. 

The value of /is taken in pounds so as to be in the same unit 
as E. Both might equally well be in tons. 

Example. 

A steel I beam, 9 inches by 4 inches, 21 lbs. per foot run, is 
supported at both ends over a span of 20 feet. 
It is loaded with a central concentrated load. 
The deflection under this load is observed to be '717 inch. 
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To find whether the steel beam is safe. 

Use the formula A = '^^. 

Ey 

Here n' = ^ 

/is unknown. 

I = 240 inches. 

y = 4 J inches. 

E = 30,000,000 lbs. 

A = '717 inch. 

Therefore -717" = ^, X ^ X 3^^^^. 

and/=: 20,160 lbs. 

= 9 tons per square inch. 
This is excessive and the beam is unsafe. 

Example. 

A B. S. B.,* 8 inches by 5 inches, 28 lbs. per foot run, is fixed 
as a cantilever, with a span of 10 feet. 

A load of 1*4 tons is resting on its end, i.e., 10 feet from the 
point of fixing. 

What will the deflection be ? 

Here it is required to find the actual deflection under a 
certain definite load, and not the maximum deflection when the 
beam is stressed to its maximum limit. 

The formula is therefore 

A = , 

EI ' 

where w = J, vide Table II. 

W^= 1-40 tons. 

I = 120 inches. 

E = 80,000,000 lbs. 

/ = 89-4 inches from B. S. S. Tables. 

. 1 1-4 X2,240 120« 

3 80,000,000 89-4 

= -6735". 

* British Standard Beam. 



CHAPTER VIII 

STRUTS AND TIBS. — TENSION AND COMPRESSION MEMBERS 

GENERAL. 

In the ensuing discussion every material is supposed to be 
uniform and homogeneous throughout its cross-section. Any 
error in this assumption is allowed for in the usual factor of 
safety. 

It has been proved that when a bar is subjected to either 
tension or compression, the stress distributes itself uniformly over 
the whole section of the member or bar. 

TENSION. 

Tensile stress is independent of the length of a bar or member. 

Neglecting the weight of the bar itself, let — 

Fi = total safe pull that the bar will stand. 

a = cross section of the bar in square inches. 

ft = safe resistance to tension of the material of the bar or 

member. 
Then 

Ft=aXft. 
Hence Ft is known for any bar. 

Example. 

•A steel bar has an average ultimate intensity of tensile stress of 

32 tons per square inch (Table III.). 

Assume a factor of safety of 4. 

Suppose the bar to be | inch diameter. 

32 
Then Ft = cross-section X ^ ^oub, 

= 4*8 tons. 
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UNSYMMETRICAL STRESS. 

It is obvious that Figs. 122 and 128 must represent to some 
extent the state of stresses in a beam when 
symmetrically and unsymmetrically strained. 

Failure would take place in a beam un- 
symmetrically strained before the whole ten- 
sile strength of the beam was fully developed. 

The necessity for careful design of joints 
and connections is therefore obvious. fig. 122. 
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Fig. 123. 
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Fig. 124. 
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Fig. 125. 
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Fig. 126. 
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HOLES, NOTCHES, ETC. 

The strength of a bar is that of its weakest section. Therefore 
considering any area 

a ** over which /^ acts, the 
minimum effective section 
must be taken. 

If a bole be bored in a bar 
this reduces its effective 
sectional area (see Fig. 124). 

If two or more holes be 
made in line with each 
other (Fig. 125) only one 
need be deducted. 

If two holes are side by 
side (Fig. 126), two must be 
deducted. 

If there are three holes, 
(Fig. 127), breaking joint, 
experiment proves that 
the distance cc must be 
greater than b, and in that 
case only two holes 
need be deducted 
from the cross-sec- 

. . Fig. 129. 

tion. 

A simple notch (Fig. 128), reduces the effective breadth 
of " a." 
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Another notch (Fig. 129) will not decrease the strength, provided 
that b is greater than a, 
lib is less than a, then b is the effective breadth. 

Example. 

Find dimensions of a flat, steel bar for the tie rod of a roof. 
The stress to be carried is 7'2 tons, and the bolts for connecting 

the ends are f inch. 

Assume ft for steel = 7 
tons per square inch. 

Then since Ft=za X ft. 
.•. a = 7*2 -7- 7 square 

inches. 
= I'OS square inches. 
Assume a thickness for 
the bar of ^ inch. 
Then to give the required section, the breadth must be 

= 1-03 -r- i 
= 2-06 inches. 
Assume that the ends of the tie bar are secured by |-inch pins 
or bolts. 

Then the diameter of the bolt hole must be added to this, so 
that the breadth comes to 2*06 + | inch = 3 inches (nearly). 

j^-^2 The joint would be arranged 

as in Fig. 130, and the tie bar 




j% V 



Fio. 130. 




Z'm %''strap 



ii!'vb''IheeLnt 



would be 3 inches X \ inch flat. 

Example. 

A flat steel bar, 2 inches X f 
inch, is carried as a supporting 
strap under an I steel beam 
(Fig. 131). 

What weight may safely be 
put on the beam ? 
The upper ends of the strap are fixed by a |-inch bolt, 
placed centrally, and their attachment may be considered as 
safe. 

Allowing for the |-inch hole, by which the strap is hung, 



Fig. 131. 



/ 
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the eflfective cross-section = (2 inches — | inch) X f square 
inch 

= §J square inch. 
Taking /t = 7 tons for steel. 

Safe pull = ^ X 7 X 2 tons (since strap is double) 
= 5'9 tons. 
Therefore, as far as tension is concerned, the steel I beam and 
its load may weigh 5*9 tons. 

This strap, however, should be tested for shearing at a, a. 
Cross-section there = 2 X 2 X f square inches 

= 1*5 square inches. 
Taking/, (safe resistance to shear) = 4*8 tons. 
Safe stress = 1*5 X 4*8 

= 7-2 
5'9 tons is therefore the greatest permissible load. 

Example. 

The lower flange of a plate girder has to withstand a tension 
of 67 tons. To find of what sections of steel it is to be composed. 

The flange is to be made of a plate riveted 
to two angle steels, as shown in Fig. 182, ^i4 

and these angle steels are separated by a 
J-inch web plate, which will be omitted from 
this calculation. 

Suppose the angle steels to be 4 inches 
by 4 inches by ^ inch. And suppose that ''/«• 

the holes for the rivets joining the angle 5/a J=^ 



i 



4^''4*Vz'Vs 



steels to the plates are to be J inch in ^ fig ^132 ^ 
diameter. 

Then each angle will have two ^-inch holes through it. 
These must be deducted from the sectional area in arriving at 
the section available for resisting tension. 

The net sectional area of one angle steel will be 

= (8 inches — | inch - 2 X f inches) \ inch 
= (5| inches) J inch. 
And for the two will be 

= 5*75 square inches. 
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The safe stress on these two angles is 

= 6'75 X 7 tons, taking 7 tons per square inch as the safe 
working load for steel in tension 

= 40-25 tons. 
This leaves 26*75 tons to be taken by the plate which is 
to be riveted to the angles. 

Now the safe working load is 7 tons per square inch. 
Hence the area required for .the remainder of the tension, 26'75 
tons, is 

_ 26-75 
"■ 7 

= 3-82 square inches. 
This is therefore the area of the plate required. 
Assume the plate to be 8^ inches wide. 

This plate will also have two rivet holes through it, ^ inch 
diameter each. 

Hence whatever the thickness of the plate is to be, the net 
width will be 

= 8*5 inches — 2 X J inches 
= 6-75 inches. 
Then if t be the thickness required, 

t X 6-75 inches = 3-82. 
Therefore f = 0*57 inches nearly 

= f inch. 
Therefore the plate will be f inch thick, and the sizes required 
are as shown in Fig. 132, viz. : — 

Two angles, 4 inches by 4 inches by J inch. 
One plate, 8J inches by f inch. 

COMPRESSION MEMBERS. 

The ultimate resistance to tension and compression of various 
materials is given in Table HI. 

For com pression these values are obtained by experiment on small 
cubes of the material and they are useful only for the following : — 

(a) For computing the dead load that a block of the material 

will carry without disintegration or being crushed. 

(b) For assessing the maximum intensity of stress that a fibre 

of the material may Le allowed to take. 
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The safe resistance to crushing per square inch is usually 
known as/^. 

fc is not directly applicable to struts or columns of any consider- 
able length in calculating the force that will produce failure, 
because a strut finds relief from the compressive stress by lateral 
bending, and the load causing failure on any strut is found by 
experiment to vary inversely as the square of the length of the 
column (approximately). 

SYMMETRICAL APPLICATION OP STRESS. 

An unsymmetrical application of the thrust is obviously bad 
as it assists the column to buckle. Every effort must, therefore, 
be made to communicate the load symmetrically to the member. 

If this is not possible then the bending moment in the strut 
caused by the load must be allowed for. 

HOLES. 

There is no need to deduct holes at the ends of compression 
bars when ascertaining their effective cross-section. 

A consideration of Fig. 133 will show this clearly, 
there being really no need for the material at the back 
of the bolt. 

In the case of riveted work, rivets completely fill 
their holes, being put in hot and squeezed in by pressure ; 
there is, therefore, no real need to deduct such holes 
from the effective section of a compression bar if the 
holes are completely filled. It is, however, usually done. fig. 133. 

ENDS OF STRUTS. 

It is obvious that a strut with rounded or hinged ends (Fig. 

134) will bend more easily than a strut 
y^^^^^^^i'^^^^^^^^/^^^ with fixed ends, i.e., where the ends are held 

firmly in position. 

It is necessary, therefore, to divide struts 
up into three classes : — 
(a) Ends rounded or hinged. 
y^^^^^^^^ (b) Ends fixed. 

Fio. 134. (c) One end fixed and one end rounded 

or hinged. 
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(a) and (b) are dealt with in the formulae and tables referred to 
below, (c) will have to be obtained by interpolation. 

In steel structures, members with pin and link joints or light 
riveted joints are considered as hinged or free at their ends. 

Heavy riveted joints are considered as fixing the ends of a 
member if the part of the structure to which they are so joined 
is strong enough. 

FIXITY. 

It must be remembered that merely fixing the ends of a strut 
is not always good enough. 

The member, foundation, or wall, etc., to which the strut is 
fixed must be capable of exerting the necessary moment to 
prevent the strut bending. If it be unable to do this no advantage 
is gained by fixing. 

In some cases the fixity of a strut may be a real disadvantage, 
as the member to which the strut is fixed may itself be liable to 
bending, and may thus cause the strut to deflect out of the 
straight. 

It is, therefore, not the custom to consider members as fixed 
unless the fixing is beyond question or shadow of doubt. 

GENERAL METHOD OF CALCULATION. 

The struts to be considered here may be of steel, wrought iron 
or cast iron. 

They are made of different sections, the most usual of which 
are shown on Table IV. 

An attempt is made in designing the form of these sections to 
group the metal of the member as far out from the centre of 
gravity or " centroid " of the section as possible, so as to be able 
to resist bending. 

The formula for the solution of simple struts is given in 
Table V., viz.: 

I I 

Where I = length of the strut in inches. 

k = least radius of gyration of the section. 
fc = safe resistance to compression per square inch. 
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h = least dimension of the strut. 
71 = a constant for this formula depending on the 
section of the strut. 
It is the ratio of the least dimension of the 
strut to the radius of gyration, and is 
given for all common sections of struts in 
Table IV. 
This formula is ready for use and it is a very easy one for simple 
struts and all ordinary cases. 
It is an adaptation from others. 
It will be illustrated by examples. 

It should be noted that the radius of gyration of the sections 
has not been previously alluded to, and there is no need to know 
it for the use of this formula, as it is contained in the calcula- 
tions for the table only. 

USE OF FORMULA FOR STRUTS. 

Choose a trial section to suit the particular case, e.g., a 8-inch 
by 8-inch by J-inch T bar. Refer to Table IV. and find — 
n = 4-9. 
h = S inches. 
Suppose strut to be 10 feet long (120 inches). 

Apply formula, r-= n y, and find j. 

Then r = 4*9 X -q- inches. 

= 196. 
Look for 196 in the first column of Table V., and obtain a 
value of fc for steel, ends fixed ; 
fc = 1*9 tons per square inch. 
Then total safe thrust on the strut — 
Fc = 1*9 X net sectional area of the T bar. 

= 1*9 X i inch X (B inches + 3 inches — J inch). 
= 5-225 tons. 
Table X. gives the safe loads on simple T struts of light 
section and short length, suitable for Ught framed struc- 
tures. 
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EXAMPLE. 

A Plain T Strut. — Find maximum safe load for a 10-foot 
strut of T steel 9 inches X 4^ inches X J inch, ends rounded. 
From Table IV., n = 42 

h = 4*5 inches. 

Then y = rtr 
k h 

. ^ ^ 120 . , 

= 4'2 X -,~^ mches 
4'5 

= 112. 

Then from Table V. steel, ends rounded. 

fc = 2'02 tons per square inch = 2 tons, say. 
Area of section = (9 + 4 J — |) X | inch 

153 . , 

= -jw^ square mches. 

. • . safe thrust = 2 X -tpt tons. 

lb 

= 19-12 tons. 
Note. — It will be seen that /^ would be twice as large, if ends 
were fixed. 

Example. 

A Cast-iron Pillar. — Find the diameter of a cast-iron pillar 

12 feet high to bear a weight of 10 tons. 

Note. — Since a C.I. pillar has good broad, thick ends, it may 

be considered as having ends fixed when loaded with a heavy 

dead load. 

Proceed by trial and error. 

Assume a 4 inches diameter column. 

From Table IV., n = 8*1 

ft = 4 inches. 

' ' oi . 144 

.•.- = n,. = 3-l + — 

= 111 -6. 
Therefore from Table V., 

fc = 2*8 tons per square inch (approx.). 
The metal thickness of a column of this nature is one-tenth of 
the diameter. 
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Therefore the sectional area of the column 

= IT X {ir- - r*) 

nn 

= y X (4 - l-7«) 

22 
= y X 111 

= 8*49 square inches. 
Total safe load = 2*8 X 3-49 

= 9-772 tons. 
A larger section will therefore be required, say 4J inches 
diameter. 

Example. 
Double Strut — Design a wrought iron strut of the form 




o 

4- 



-I'^mr ^ r^ 



9) 
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Fig. 135. 




shown in Fig. 135 for a roof truss ; it must take a stress of 
1*69 tons, the length being 2 feet 11 inches. 

Struts of this form must be tested, firstly, in portions 




Fig. 136. 

carrying portions of the stress ; secondly, as a whole carrying 
the whole stress. 

Firstly, when composed of two flat bars, stiffened by one or 
more ferrules, as shown in Figs. 185 or 137, the strut will tend 
to fail as in Fig. 186. 

The simplest process for calculation is to assume a size for 
these flat bars, and then calculate the number of distance 
pieces or ferrules. 
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The portion of flat bar, ab, between ferrules (Fig. 186) may 
be considered as a separate strut carrying its own proportion of 
the whole load on the compression bar. 

For instance, assume If inches X | iuch as the cross-section 





(9 9 ~^ 

u //V- — ♦!*- //%--— >j^ iir»- — M 

• • I ' 

• • I 

M n 

Fig. 187. 

of each side bar. Then, as each has to bear half the stress or 
0*85 ton, the intensity of stress will be 

0*85 - o 4- -1, 

= ^ ^ = 1*8 tons per square mch. 

On referring to Table V. it will be seen that this intensity 

k 
of stress, ends rounded, corresponds to a ratio of 185 = j. 

Hence, since n = 8*5 for a rectangular cross-section, the 
maximum length of such a strut or in other words the safe 
distance between distance ferrules 

^ - ^ ^ 3-6 
= 14*5 inches. 

One distance piece is, therefore, not sufficient, as the strut is 
85 inches long, and it would be necessary to use two, as shown 
in Fig. 187. 

Secondly, considering the strut as a whole, and again 
assuming the flat bars to be If inches X f inch. 

Then stress intensity is 1*8 tons per square inch, as above, 

and from Table V. ^ = 185. 

But in this case n = 8 (fourth case, Table IV.) 

l_l 1 _ 135 
''' h^k ^ ;?~~8 

= 45, 
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Now Z = 2 feet 11 inches = 35 inches, hence the size of the 
distance ferrule, 
, 35 
^^ = 45 
= f inch. 

.'. ferrule should be at least f inch — the thickness of the flat 
bars. 

In this case, for practical reasons, a 1^-inch ferrule is used. 

The flat bars should also be tested for bending the other 
way, viz., across their breadth. Here n would be 2 (second case. 
Table IV.), and I would be 85 inches. 

There is no need to bother about the bolt holes where 
ferrules occur, for there will be no buckling tendency in the flat 
steel bars at these points, and the full value of/, can therefore 
be counted on for resisting the thrust. 

Example. 

To design a strut in a braced girder composed of angle 
steels. The stress is 40*7 tons. 

The length of the strut is = 8 \/2 feet. 

The arrangement of the angles for this member is shown in 
Fig. 295 and Plate XI. 

The angles are arranged in pairs back to back, and they are 
all joined into one member by a plate | inch thick riveted 
between them. 

The angles are 8^ inches X 8 inches X J inch. 

When joined together as shown in the flgure they form one 
strut 16 inches X 7§ inches, the larger dimension being at right 
angles to the plane of the girder. 

It is in the direction of the smaller of these two dimensions 
that the strut appears likely to fail first ; this will mean bending 
in the plane of the girder, and in this direction the ends of the 
strut may be considered as " fixed." 

Each pair of angles back to back is 7f inches across and 

40*7 
will take one quarter of the total stress, Le., — r- or 10*17 tons. 

Now the net sectional area of each pair is 3f square inches. 

S.B' ^- 
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Therefore the intensity of pressure will be 

10-17 , 
= ^q tons. 
8J 

= 2'71 tons per square inch. 

Referring to Table V., it will be found that for a load of 2*71 

tons per square inch on steel struts with ends fixed 

k h 

Now n = 4-2 from Table IV. 
And h = 7| inches. 

Therefore Z = 150x-J4 

4 2 

= 263 inches or 22 feet. 

That is to say that the strut may be as long as 22 feet. 

This is therefore amply safe, and these sizes will be used. 

The finished strut may be seen in Plate XL, lettered W. 

Ideal Columns, 

Consider a bar which is perfectly straight, of material that is 
perfectly homogeneous throughout, and where the axis coincides 

with the line of pressure ; such a bar is " an 
fx^^ ideal column." Suppose it to be subjected to 
t a compressive force Fc (Fig. 138), then there 

? will be excited in the bar a certain resilient 

' — force 7^ which corresponds to the spring of a 
bow. The behaviour of the bar will be as 
follows : — 

(1) As long as Fc is less than R there will 
z^m^^^^ I Sm^^^^ ^^ ^^ deflection. If lateral pressure is applied 
Fig. i»8. ^^ ^^® bar it will deflect, but if that lateral force 

is withdrawn, the bar will straighten itself. 

(2) If Fc is increased until it is equal to R, the load will 
not produce deflection, but any, even the smallest, force applied 
to the middle of the strut will be suflScient to cause it to bend, 
and if such force be withdrawn, the column will not now be able 
to straighten itself. 

(3) If the force Fc be still further increased the column 
will be in a state of unstable equilibrium ; it will bend in some 
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direction without the application of any lateral force, and will 
continue to bend, or break. 

What we want to find is the value of the resilient force R. 

This value, for an ideal column, is given by : — 



Euler^s Foimula, 
It is sometimes written 

where R = resilience of strut in lbs. or tons. 

E = modulus of elasticity of the material in lbs. or tons. 

p = pressure per square inch, Le., -j, in lbs. or tons. 

I = length of column in inches. 

k = least radius of gyration of the cross-section, Le, V—- 

A 

in inch units, I being the least moment of inertia, and A the area, 
li the cross-section. 

Explanation of Elder 8 Fonnida. — The proof of this formula 
appears unnecessary here. It may be found in most treatises on 
this subject. 

The formula was first produced in the form R = EI-^. 

Now R = Fc (total pressure on the strut) in order to produce 
equilibrium. 

.'. R =p (pressure intensity per square inch) X A (area of 
cross-section). 

.*. substituting in above formula we get : — 

p^EXjXp. 
For simplicity I and A are combined, thus : — 



Letfe= \/l 
^ A 



H 2 



»'= '/ 
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Then k is called the radius of gyratiou of the section, and 
Euler's formula may be expressed thus : — 

Radius of Gyration — Definition. — Many books give definitions 
of varying clearness, but the simplest is this : — 

Radius of gyration of an area = \/ -j. 

Radius of gyration of a mass = \/ — . 

Mathematics have shown the necessity for a symbol tt to 
denote a certain ratio; so also do mechanics require symbols 
I and A' to denote inherent properties of masses and areas. 

The values of I and k for all sections in which steel and 
iron bars are rolled are given in manufacturers' catalogues. 
Table VI. also gives the values of A- for various common sections 
in terms of their dimensions. 

When Table YI. does not suffice, A: can be found from the 



definition A* 



■-V :r 



It should be noted that both a plane section of area /I, and 
also a body of mass 3/, have each a moment of inertia and a 
radius of gyration. 

Radius of Gyration ; Explanation : or 

I and A for a Plane Area. — We know that the moment 
of inertia of a plane area about any axis in that plane is 
the sum of the areas of a very large number of very nar- 
row strips, multiplied by the squares of their distances from the 
axis. 

Now if we can imagine the whole area to be concentrated on 
one spot, such that the moment of inertia of this whole area at 
this spot about the axis is equal to the real moment of inertia of 
the figure, then the distance of this spot from the axis is the 
radius of gyration, 

e.g., I = sum of (small areas X y^). 
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Fig. 139. 



Then A:^ X whole area = L 

. 7.2 _ sum of (small areas X //^) 

whole area 
= sum of 0/^). 
. • . /t = Vsum of {\f). 

Illustration. — Suppose that we want to find the distance of the 
e.g. of the whole figure 
(Fig. 139) from the axis 
AB. The well-known rule 
is, X (the required dis- 
tance) X (sum of the three 
rectangles)=sumof areas 
of each rectangle X the ^ 
distances of their c.gs. 
from the axis, viz. : — 

X X (40 + 12 + 64) = 40 X 10 + 12 X 6 + 64 X 2. 

.-. a; = ??? = 5-17 ft. 
lib 

The process for k is nearly similar, viz. : — 
Ic^ X (whole area) = sum of areas of each rectangle X 
the squares of the distances of their c.gs. from the axis, 
viz. : — 

/j2 X 116 = 40 X 102 + 12 X 62 + 64 X 22. 
. 7.2^4,688 

• • ^' "TlT 

= 40-41 
.-. k = 6'S. 

Note. — This forms a good illustration of A:, but the result 
obtained is not accurate, because the areas considered should 
be infinitely small. Their summation of course is easy by the 
Calculus. 

Care must be taken to use the proper values of / and k. In all 
standard sections two values of I are given. The larger is usually 
applied in calculating the Mr of beams, whereas the smaller 
must usually be taken in calculating struts to resist failure by 
bending. 
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GORDON'S FORMULA. 
This is the formula most usually employed in this country. 

It is: F.= -^'^^ 



1 + a/l 



& 



Where Fc = total pressure on the column in lbs. or tons. 

fc = safe intensity of resistance to crushing of the 
material in lbs. or tons (per square inch, etc.) 
h = least transverse dimension of the column. 
I = length of the bar in the same unit as h, 
a = empirical constant. 
The value of a varies with the material and with the shape of 
the column. 

Table VII. gives some of these values. 

This formula and Euler's approximate very closely together in 
most ordinary cases, and they are prepared for use in Tables IV. 
and V. 

These tables are widely used and give a great saving in 
time in calculations. 

The practical strength of struts will nearly always exceed the 
calculated strength, provided care is taken to apply the stresses 
and loads symmetrically. 



COMBINED BENDING AND DIRECT STEESS. 

It has been shown that a strut tends to bend when under a 
heavy thrust. 

But if the strut be made strong enough to take the sfcrain there 
will be no tendency to bend and the thrust will then be distributed 
evenly over the whole cross-section of the beam. 

Now a strut may also be subjected to a definite transverse force 
or load tending to break it. 

Simple Solution. 

The method of dealing with simple cases of steel or timber 
struts of this description is to consider the strut, or member, or 
beam as being divided into two parts and as resisting the two 
separate stresses separately. 
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Example. 

Suppose that an angle steel 7 inches by 8^ inches by | inch is 
subjected to a transverse loading of 1| tons dis- 



tributed along it, and is also under direct thrust .v-t 

♦ • 

■ ■ I 



-^V 



-_i_U 



■^\ 



(Fig. 140). o. 

Its length is 8 feet and its ends are fixed. 

What is the greatest direct thrust that it can 
safely take ? Fig. 140. 

The M^ due to the load is 

= 1-5 X ^-^ 

= 18 inch-tons. 
The Mr of the angle is = <-. 

y 

From tables I or greatest moment of inertia is 35*68, y is the 
distance from the neutral axis to the extreme fibre of the section, 
or 4*4 inches. 

Hence Mr = / X — — r- inch-tons. 

^ "^ 4-4 

^M^ 

. • . / X - :—r- = 18 inch-tons (from above). 
4*4 

Solving this we shall find what is the intensity of the stress 

per square inch on the metal, ^.^^, 

/ = 2*22 tons per square inch. 

This is the maximum amount to which the transverse load 

alone will stress the metal of the angle. 

Now since this member is a strut, we must find out what is the 

maximum value that may be given to "/" in order that it shall 

be safe against buckling. 

By the strut formula, and Tables IV. and V., 

/i = 3J 

n = 8-9 

Z = 96 inches. 

Therefore /il = 3-9X^ 

h 3^ 

= 107 
_ I 
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Refer to Table V. and find value of ^ = 107. 

This gives a value for /^ "ends fixed" of 8*82 tons per 
square inch. 

Now the transverse loading has already stressed the metal to 
2*22 tons, and therefore there only remains 3"82 — 2'22 tons, or 
1*60 tons per square inch for direct thrust. 

Now the sectional area of the angle is 7*31 square inches. 

Hence, maximum safe direct stress is 

= 7-31 X 1-60 tons. 
= 11-696 tons. 

This result will be found to be slightly on the safe side. 

The full intensity of pressure, viz., 3'82 tons per square inch, 
will of course only be exerted on the fibres of the strut on the 
side on which the lateral force is applied. 

On that side of the strut away from the lateral thrust, the 
fibres of the strut are less stressed, and in this example would 
actually be in tension, the tensile stress per square inch due to 
cross bending being greater than the compressive stress due to 
end loading. 

Accurate Investigation of Combined Bending and Direct Stress. — 
The foregoing method of solution is not accurate enough for any 
very important structure, since it assumes that the strut does not 
actually bend at all, and takes no account of that tendency to bend. 

In reality the strut has to resist some direct force /''(Fig. 138), 
a bending moment 3/i due to external transverse loading, and 
also a bending moment due to the direct force 7^', " as soon as the 
strut begins to bend.'' (This moment in Fig. 138 is F X 00"). 

Then the formula for transverse stress is this : — 

._ ^V]// 
'' I± FP . 

10 i; 

Where Mi = M^ at point of maximum deflection due to 

external forces. 

F = Total direct load on member, tension or com- 
pression. 

/ = Safe stress intensity per square inch. 

?/, 7, E, and / are as usual. 
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The negative sign is for compression bars. 

The positive sign is for tension. 

This formula gives the / or stress intensity at the extreme 
fibres, either compression at one side of the bar or tension at the 
other. 

There is no factor of safety in this formula, and the fibre 
stress, /, found is the actual stress produced by the loading. 



CHAPTER IX 

RIVETS AND JOINTS 

GENERAL. 

Broadly speaking the joiats between dififerent members of a 
bridge or other steel structure are made either by rivets or by 
pin joints. 

These two methods are known as " plate and rivet " con- 
struction and ** pin and link " construction. 

A rivet put into a hole and clinched by modern machinery is 
practically perfect, completely filling the hole into which it is 
pressed, however uneven the inside edges of the hole may be. 

In cutting out rivets fi*om old work, a hand -made rivet can 
generally be hammered out of its hole, after the head has been 
cut off; but this is not so with hydraulic pressed rivets. 

To do this it is necessary to drill them out, and as a rule a 
section through work in which a rivet has been properly put in, 
will not show any visible joint between the fibres of the rivet and 
the fibres of the surrounding metal. 

This perfect contact enables the designer to calculate with 
more certainty than he could in the past, the bearing and shear- 
ing strength of riveted joints. 

Imperfect contact is a grave source of weakness, and for this 
reason should be avoided as much as possible. 

Riveted joints are much easier and cheaper to make than pin 
joints ; for rivets, as stated, completely fill their holes and ensure 
perfect contact without further trouble, whereas the pins for pin 
joints have to be most accurately turned and fitted, as also have 
the link ends in order to secure good and proper bearing surface. 

Riveted joints are, however, impracticable in the class of work 
in which pin and link joints are used. 

It is impossible to lay too much stress on the need for care in 
designing riveted joints. 



k 
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A large number of bridges erected in the past have now proved 
to be too weak for modern loads, not so much in the plates and 
members, as in the rivets and joints. 

A rivet must never be used in tension, i.e., lengthwise. 
There is no strength in the head of a rivet to resist such a pull. 

Torsion also must be avoided. 

The only two stresses which a rivet is intended to resist are — 

(a) Shearing stress. 

(b) Bearing stress. 

These two are closely allied, and failure of a riveted joint 
would generally be due to a combination of the two. 

Resistance to bearing arid resistance to shearing undoubtedly 
help one another, although no allowance is made for this. 

A riveted joint must always be designed to take the maximum 
safe stress which, the plates or members which it connects are 
able to carry, with safety. 

If, for example, there is to be a pull of 8 tons in a member, 
and it is convenient to use steel plates for this member which 
are capable of taking a pull of 10 tons, and are to be joined 
together end to end by rivets, the rivets in the joint must also 
be designed to take a pull of 10 tons, and not only of 8 tons. 

STANDARD SIZES OF RIVETS. 

The usual sizes for rivets are : — 

i inch, I inch, f inch, | inch, and 1 inch diameter. They can 
be obtained up to 1 J inches diameter, but such rivets are not 
often used. 

Rivets are inserted into the holes prepared for them red hot, 
at what is best described as " cherry heat." 

At this fcemperature they expand considerably in diameter and 
therefore require a slightly larger hole than they would when 
cold, in order that they may fit in easily. 

Holes are therefore made ^ inch larger than the diameter of 
the rivet. 

Thus while standard rivet sizes are in eighths, viz. f inch, 
f inch, I inch, their corresponding holes are ^ inch larger, viz., 
^ inch, Jl inch, ^^ inch. This must be borne in mind when 
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making deductions for rivet holes in calculating the strength of 
plates, etc. The holes are, however, called by the diameter of the 
rivet, i.e., a 1-inch hole means a hole \l inches diameter. 

NOMENCLATURE. 

In Fig. 141 the portion a of the rivet is called the " tail " of 

the rivet. 

The stem or portion h which is 
to be within the hole is called the 
** shank," or " grip.'* 

The portion c which is left pro- 
jecting out, and which is to be 
hammered over to form the head, 



.j- 



.a_. 



:jlJ 



is called the " clink." 
The clink when pressed or hammered down into shape, becomes 
the " head.'* 

SAFE STRESSES. 

The stresses " shearing " and " bearing " have been defined in 
Chapter I. 

Rivet steel is softer than plate steel and very ductile. It is 
usually specified to stand a tensile stress of 26 to 30 tons per 
square inch, and is subjected to very severe bending tests. 

The safe resistances are : — 

Bearing, 8 tons per square inch. 

Shearing, 6*5 tons per square inch. 

The safe resistance to bearing is sometimes taken as 10 tons 
per square inch ; but this value is high and only allows a factor 
of safety of just over 3. 

It is not considered suflSciently safe for common practice, 
although there are some few cases, such as dead loading or 
similar, in which this higher stress might possibly be allowed. 
(vide Table IX.). 

FORM OF JOINTS. 

Single lap joint.- The simplest joint is that in which one rivet 
connects two flat bars in tension (Figs. 142, 143), the one bar 
being lapped over the other. . 



RIVETS AND JOINTS 



109 




Fig. 142. 
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Fig. 144 shows the manner in which this joint tends to 
deform. This tendency is very undesirable as it brings an 
unfair stress on the rivet, and if any deformation takes place the 
rivet is put in tension. 

A single lap joint with two rivets is shown in Fig. 146. This 
is an improvement on that in 
Fig. 144 but is still liable to 
slight deformation. 

It is, however, often used in 
joining tension bars in light 
structures, or joining plates 
together merely to keep them 
in close contact. 

Double lap joint. — A double 
lap joint is shown in Fig. 146. 

Here two plates are lapped 
over one plate, one on either 
side of it. This avoids any 
tendency to deformation, and 
the pull is transmitted perfectly 
symmetrically from the two 
plates to the one plate. 

The obvious drawback to 
this joint is that one member 
must be a double one, and the 
other a single one, so as to allow 
of the lapping arrangements. 

It is often used in joints of a steel roof truss, or similar truss, 
where a third member is also taken in at the same joint, and 
where the stress carried by the double member is larger than 
that carried by the single member. 

All the above joints are used chiefly for tension members in 
light structures. 
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Fig. 146. 



SINGLE COVER PLATE JOINT. 

In this joint the ends of the plates, bars, or members to be 
joined are butted against one another, and a small plate, called 
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a cover plate, is placed against them and riveted to both of 
them. 

This cover plate transmits the stress from one to the other 
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(Fig. 147). 

The cover plate must of 
course have the same net 
cross-section as the members 
which it unites. 

Pig. 148 shows the ten- 
dency to deformation in such 
a joint when only a single 
cover plate is used. Were it not for this deformation, such a 
joint would be very satisfactory, as it keeps the two plates which 
are being joined in the same plane. 




Fig. 148. 



DOUBLE COVER PLATE JOINT. 

This joint is shown in Fig. 149. 

The deforming tendency is here overcome by using two cover 
plates. These cover plates need not be so thick as the single 
plate ; all that is required is that their combined section should be 

y-jv equal to the net section of 
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Fig. 149. 
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^ those that are being joined. 
Cover plate joints are 
used for all heavy work, and 
when there is any possibiUty of deformation double cover plates 
must be used. 

They necessitate using twice as many rivets as lap joints, as 
there are two separate transmissions of the stress. All these 
joints apply both to tensile and compressive stresses. 



EFFECTIVE SECTION. 
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Fig. 150. 



The effective section of a plate, 
bar or member is its cross- 
section at its narrowest part, 
i.e.y its cross-section after any 
rivet hole or holes in it have 
been deducted. 
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In Fig. 150 the effective section is = a + a 

= 2a 
or = t(; — b. 
It should be noticed that since the two rivet holes are placed 
one behind the other, the effective section of the bar is only 
reduced by one rivet hole, not two. 

CALCULATION OP STRENGTH OP RIVETS IN A JOINT. 

Shearing. — The cross-section of any rivet, of radius r inches, 

= TTi^ square inches. 
The safe resistance to shearing 

= 6*6 tons per square inch. 
Therefore the total resistance to shear of a rivet is 

= 7rr^ X 6*5 tons. 
Furthermore, if there be more than one rivet, say n rivets 
properly arranged in one joint, then the total resistance to 
shearing is 

= n X TT?-^ X 6*5 tons. 
This holds good for all rivets in single shear. 

SINGLE SHEAR. 

The term single shear means that the stress at the joint tends 
to shear the rivet or rivets across at one single section, and that 
that single cross-section of the rivet or rivets has to resist the 
shearing. 

Figs. 148 and 150 show joints in which each rivet is subjected 
to single shear, viz., at ab (Fig. 150). 

DOUBLE SHEAR. 

Fig. 146 shows a joint arranged differently. 

In the first place there is no tendency for the joint to deform, 
as shown in Fig. 144 ; but also, in order that the joint may fail 
by shearing, each rivet must be sheared through at two sections, 
viz., ab and cd (Fig. 146). 

Now the resistance to shearing at each section is = tt^-^ X 6*5 
tons, as before. 

Hence this joint is much stronger than a single shear joint. 
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In practice it is found unsafe to rely on its being twice as 
strong as single shear, and a double shear joint is taken as 1^ times 
as strong as a single shear joint, viz,, the joint in Fig. 146 for two 
rivets has a resistance to shearing = If X '""^'^ X 6'5 X 2 tons. 

Eivets in double shear may therefore be considered If times as 
strong as rivets in single shear, and not only has the joint so 
formed 'no tendency to deformation, but the tensile or compressive 
stress in the members is more symmetrically transmitted from 
one to the other than in a joint such as Fig. 143, 

BEARING. 

The portion of the shank of a rivet which is in contact 
with the inside of the hole in a plate or other member, is 
known as its bearing area ; i.e., the surface of contact between 

the rivet and the plate or member through 
which the stress is transmitted. 

In Fig. 151 the plate is pulling to the left 
and the rivet is preventing it from moving ; 




Fig 151 

the rivet then bears against the plate along 

the curved surface e gf, and the stress is transmitted from the 
plate to the rivet, or vice versa, through that surface. 

This surface egj] however, has a breadth equal to the thickness 
of the plate, viz., hk in Fig. 152. 

Hence the whole area of the rivet which is bearing against the 
plate is the area egf X the thickness of the plate hk. 

Now the pressure will not be equally 
distributed over the curved area egf, but 
^-— — — 1« r; j "^ will be a maximum at g and a minimum at 
l^^ j f c and/. 

Fig 152 Hence it is the custom to assume a 

reduced value for the area egf, and to 
consider the bearing area as the projection of the area egf, or 
ef, the diameter of the rivet X t, the thickness of the plate. 

Over this reduced area the pressure is assumed to be uniform 
and equal to the pressure at g. 

Therefore the resistance to bearing of a rivet of radius r in a 
plate of thickness t will be 

2r X ^ X 8 tons. 
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There is no such thing as double bearing, and for this reason 
nearly all joints will be more troublesome to design with regard 
to resistance to bearing than to shearing. 

For example, in Fig. 152 the rivet receives a stress, or pull, 
from the outer plates through the bearing surfaces ca and ferf, and 
transmits this stress to the centre plate through the single 
bearing area lik. The bearing area hk is therefore the weakest 
part of this joint, and no advantage is gained by having the 
double bearing area at ac and hd. Another reason why the 
bearing is often more trouble than the shearing is, that the 
bearing area varies directly as the diameter of the rivet, whereas 
the shearing area varies as the square of the diameter of the 
rivet. 

Table IX. contains the values of rivets with various constants, 
both in shear and bearing. 

Example. 

To make a tension joint between two steel plates 16 inches 
wide by ^ inch thick, to take a pull of 42 tons (Fig. 153) : 
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Fig. 153. 

The two plates are to overlap each other. 

Assume that 3-inch rivets are to be used. 

Let n be the number required. 

/3\2 
Then the resistance to shear (single) = w x w ( g 1 X 6*5 tons. 

Equating this to 42 tons, 

n = 14-6 
= 15 rivets. 
Also for bearing, the resistance to bearing on the ^-inch plate 
is = n X J X ^ inch X 8 tons. 
Equating this to 42 tons, 

n = 14 rivets. 
15 rivets must therefore be used. 
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Suppose them to be arranged in rows of three {vide Fig. 153). 
Then there will be five rows. 

Now the net width of the plate will be 16 inches — three rivet 
holes, since there are three rivet holes in a row across the plate. 

= 16 inches — 3 X ^ inches. 
= 13^ inches. 
Therefore the effective section of the plate is : 

= 13^ inches X i, 
and the plate can carry a tensile stress 

= 13f^ inches X i X 7 tons. 
= 47*92 tons. 
This is more than the 42 tons originally stated to be carried 
by the joint. 

But the extra size of the plates and their extra strength is all 
wasted unless the rivet joint be made equally strong. Therefore 
the rivet joint should be made strong enough to take 47'92 tons, 
i.<7., the whole safe load of which the plates are capable. This 
will necessitate adding an extra row of rivets to those shown in 
Fig. 153 and using 18 in all. 

ARRANGEMENT OF RIVETS IN JOINTS. 

There are five general principles to be remembered in 
arranging joints: — 

(1) Rivets must be suflBcient in number or size to be able to 
develop the full strength of the members which they are joining, 
irrespective of the actual stress which is expected to come upon 
such members. 

(2) Rivets should be grouped symmetrically round the "lines 
of mean fibre " of the members to be joined. 

(3) The effective section of the members to be joined should 
be reduced as little as {)Ossible. 

(4) Rivets should never be stressed in tension or torsion. 

(5) The pitch of rivets adopted for the structure should not be 
broken or changed if it can be avoided. 

(1) has been alluded to before, but is of the utmost importance. 

(2) Rivets should be symmetrically arranged with reference to 
the centre line, or mean fibre, or neutral line of the members 
which they join. In Fig. 154 position a is bad, and position b is 
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good for a rivet, as it distributes the stress more uniformly on to 
the cross-section of the plate than would be the case at a. 

In the case of several rows of rivets, as in Fig. 153, these 
should be symmetrically arranged 
about the centre line. { j 7^) 



Angles and tees are more diffi- r «" v^ ^ 1 

cult to arrange for, since the ^^^ j.^ 

rivet can only very rarely be 

placed upon the " neutral line," or the line passing longitudinally 
through the neutral axes of any number of cross-sections. 

The neutral line in Fig. 155 is situated in some such position 
as 00, and rivets must be brought as near to that 
as is practicably possible. 

In the case of equal angles the neutral line 
or mean fibre is very close to the angle. * 

Hence the best that can be done is to keep 



rivets as near to the angle as possible. ^^" ^ ' 

The same applies to tees and channels. 

(3) As any rivet hole on any one cross-section of a mem- 
ber must be deducted from that section, in order to arrive at 
its net useful effective section, the arrangment of rivets is 
important. 

In a simple joint such as Fig. 145 there are two rivets, but by 
placing one behind the other, the effective section of the bars is 
only reduced by one rivet hole. 

Again, suppose that six rivets are required in a joint; it is 
possible to arrange them so as to have two rows of three at right 
angles to the general direction of the members, reducing the 
effective section by three holes, or three rows of two, reducing 
the effective section by two holes only. This latter enables 
smaller plates to be used for the given stress in the girder, or 
structure. 

In arranging rivets for any joint, much rnust depend on the 
special circumstances of the case. 

Fig. 156 represents a portion of the bottom of a girder having 
four rows of rivets along it ; but they are arranged so that there 
are only two rivet holes at any one section of the plate, viz., aa 
or bb. 

I 2 
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The net effective section of the plate is therefore only reduced 

by two rivet holes instead of four. 

This is not, however, always a con- 
venient arrangement to make fit in with 
other things. 

Fig. 157 shows a similar arrange- 
ment for an angle steel, which is 
connecting two plates at right angles 
to one another. This affords a saving 
in effective area and strength of the 
angle steel. It has another great practical advantage in that it 
enables the rivets to be more easily got at by the riveting 
tool when they are put 
in. If the rivets were 
not spaced to break joint 
as shown, but were both 
placed at the same sec- 
tion of the angle steel, 
the head of one might be 
in the way of the tool for 
forming the head of the other. Here again, however, this 
arrangement is not always possible or convenient. 

LEADING RIVETS. 

A good arrangement of rivets in a tension joint is to make 
one rivet lead the others (Fig. 158). Here the effective section 
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Fig. 158. 



of the plate may be considered as being only reduced by one 
rivet hole, viz., the leading one. For example, assuming this to 
be admitted, in Fig. 158 suppose the plates to be 10 inches X 
J inch in section. 
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If one 1-inch rivet hole be deducted from the plate the effective 
section will be 

= (10 inches — 1 inch) X J inch. 
= 4"5 square inches, 
and at 7 tons per square inch, the safe tensile load on the plate 
will be 

= 4-5x7 tons = 31-5. 

Assume that there are to be nine rivets in the plate and the 
cover plate. 

Let r be the radius of rivet required. 

Then for shear : 

9 X 7r;-2 X 6-5 = 31-5 
r = ^^ inch, approximate. 

For bearing : 

9 X 2r X J X 8 = 31*5 
. ' . r = Y(^ inch nearly. 

Therefore ^-inch rivets will exactly sufiSce, and each takes J 
of the whole stress, or 3*5 tons. 

Now consider the leading rivet ** a " on the left of Fig. 158. 
The hole for this has already been deducted from the total 
effective section ; hence the remaining podiions of the cross- 
section, viz., ab and ac, are both fully stressed. Now the rivet 
*' a " takes up 3*5 tons of the stress, or J of the whole stress 
in the plate, so that beyond the leading rivet, or to the right of 
it, in the figure, the total stress in the plate has been reduced by 
J or reduced to ^ of what it was, at the section at a. 

This reduced stress can be carried by a reduced cross-section, 
or in other words the cross-section of this plate may be reduced 
on the right of ** a " by a ninth of the original cross-section, or 
by one extra rivet hole. 

Hence the cross-section of the plate at eddf is sufficient for 
this reduced stress, when two rivet holes are introduced at d, d. 

Now these two rivets take oflf a further stress of 3"5 tons each, 
or 7 tons together, and consequently to the right of them the 
cross-section of the plate may be reduced still further by another 
J, or, stated differently, to the right of the section eddf] § 
of the total stress in the plate have been given up, and only g 
remain. Hence the original effective section of 9 inches X J 
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inch at " /x," where there is one rivet, may be reduced to 6 inches 
X J inch, at ghk, which allows four rivet holes in the 10-inch 
plate if required. Only three have been shown as this is more 
convenient. 

It should be noted that the converse applies to the cover plate, 
and no saving is effected in it. 

In the main plates, one rivet hole leads, where the stress is a 
maximum, and two and three holes are introduced as the stress 
is gradually transferred to the cover plate, and becomes less. 
But the maximum stress in the cover plate occurs immediately 
over the butt joint of the two plates, and here the section of the 
cover plate is cut into by three rivet holes, thus reducing the 
effective section by three inches, whereas there is only one rivet 
towards the end of the cover plate where the stress is least. 

To meet this the cover plate would have to be made of greater 
thickness so as to provide the same effective section as the two 
main plates. 

The cover plate would be cut off or trimmed off to the shape 
shown on the right of the joint. 

This principle is a very important one, but it is not of very much 
use in ordinary girder work, since it generally happens that the 
tension plates that are to be joined together are already cut into 
by rivet holes throughout the whole of their length, for purposes 
of riveting them to other plates or angles, etc., and in that case 
of course there is no economy effected by special arrangements 
for joints. 

(4) Rivets must on no account be placed in tension, and it is 
frequently necessary to go to great trouble to avoid doing so. 
Where tension must be taken by a joint, bolts and nuts must be 
calculated for, and used. 

(5) The pitch of rivets in use in the rest of the work should 
not be altered if it can be avoided. 

This greatly facilitates plating up and general construction. 

PITCH. 

The distance between the centres of rivets is called their 
pitch. 

In spacing rivets and rivet holes in any plate, a certain 
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amount of plate is required behind a rivet to give effect to it, or 
in other words, to take up the stress from the rivet and spread it 
over the fibres of the plate. This space or distance should not 
be less than one and a half times the diameter of the rivet. 

Thus the hole for a 1-inch rivet must not have less than 
1^ inches between it and the edge of the plate or an adjacent 
rivet hole. 

This decides the minimum pitch. 

The maximum is 4 inches, for it is found that if rivets are 
further apart than 4 inches, close contact between the plates 
or other surfaces joined together is not obtained, and rust action 
sets up between the plates or members. 

The most usual pitch of rivets is 4 inches, but 3 J inches and 
3 inches are sometimes used, though rarely for large rivets ; 
they are, however, quite common in light structures. 

The pitch to be used is generally decided by the dimensions of 
some of the principal members of a structure, and is chosen so as 
to fit in with these dimensions conveniently, without having to be 
constantly varied. 

In fact the 4-inch pitch is so nearly universal, that nearly all 
standard sizes are based on this pitch : e,g. Troughing is made 
1 foot, 1 foot 4 inches, or 1 foot 8 inches, etc., in width from one 
rise to the next, which fits in with a 4- inch pitch of rivets 
perfectly. 

COVER PLATES. 

It sometimes occurs that a plate or other member can be 
utiUsed as a cover plate by prolonging it. This generally makes 
a neat job, and saves a separate cover plate. 

For instance, in Fig. 159, ik and ec represent two plates that are 
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Fia. 159. 

to be joined together, such as plates in the flange of a girder ; 
and hf represents the end of another plate which is riveted 
to ce (to increase the strength of the flange). 
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There is to be a joint at c requiring a cover plate. 

The most convenient way of providing this is to lengthen the 
plate/6 to a, and use the portion ab as a cover plate. 

The calculations for the rivets for this are the same as those for 
any ordinary single cover plate joint. 

There remains one other principle to be considered, which is 
most useful in making heavy joints. 

Consider Fig. 160, showing a single cover plate joint. 
The effective width of the plate at aa is its width — 3 rivet 
holes. 

To the right of the section aa, it has given up half its stress to 
the three rivets at aa, while the eflfective section of the plate at 

hb remains the same as it was 
at aa. 

The metal is therefore not so 
highly stressed at bb. 

In fact, in this example it is 
only half stressed, having given 
up half its stress to the cover plate 
through the rivets at aa. It is 
therefore capable of being more highly stressed than it is, i.e., of 
being utilised to do some other work. 

This principle may be briefly stated thus : 
If a plate of constant effective section gives up or transfers a 
stress in one direction through n rivets, it is then capable of being 
loaded with another additional stress in the same direction, 
transferred to it by n other similar rivets ; or 

If it gives up stress through 4 rivets at one section, it has 4 
rivets' worth of strength made available for taking other 
stresses. 

This principle is utilised in many ways, but the following is a 
common application. 
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JOINT OF FOUR PLATES BY DOUBLE COYER 

PLATE. 

Let Fig. 161 be a longitudinal section through four similar 
plates, /, m, n, o, that are all to be jointed under two covers 
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iiv and wx. Number the rows of rivets across the plates, 1, 2, 3, 
to 9. 

Assume for illustration that three rows of rivets are enough to 
transmit the stress from one plate to the cover plate. 

Thus the rows 1, 2, and 8 take up and transmit the stress in 
plate I to the cover above it, and 4, 5, and 6, transmit it back to 
the other portion of the plate /. 

Now between rivets 3 and 4 the cover plate is fully strained, 
and between 4 and 5 it has given back J of the stress to plate /, 
and is only § loaded. 

It is therefore able to take another J of its full stress between 
4 and 5. 

Similarly it can again take a further J between 5 and 6. 

Note also that between rivets 4 and 5 plate I has only received 
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J of its proper stress from the cover plate, and can therefore take 
f more between 4 and 5 if required. So that between rivets 
4 and 5 the cover plate and plate / can both assist in acting 
as a cover plate to a joint in plate m, which is made between 
rivets 4 and 5. 

Assume these two between them to take ^ of the stress in m ; 
this will leave § of the stress in m to be taken by the lower 
cover plate wx, which must therefore begin at rivet 3, i.e., two 
rivet holes to the left of the joint in plate m. 

Again, between rivet holes 5 and 6 plate I has still only 
received § of its proper stress from the upper cover plate, and 
having given up at rivet 5 the stress that it had due to plate 
?;i, is capable of taking up J of the stress in plate w, which 
has its joints between rivets 5 and 6 ; also plate m can take ^ of 
the stress from plate n. 

Therefore, the lower cover plate, which already has taken § of 
the stress in plate ///, can take the remaining ^ from plate n. 
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And so on for any number of plates. 

The top cover plate is no longer required to the right of 
rivet 7. 

This and similar joints are most useful in the top and bottom 
flanges of long-span girders. 

The rivets must only be considered as in single shear. 

COMPRESSION JOINTS. 

The calculations for riveted joints in tension all apply to 
compression joints. 

Many engineers, however,- allow for the fact that really well- 
made rivets completely fill the holes into which they are pressed, 
and can therefore take compression. 

If this be so, there is no need then to make any reduction 
at all in the effective section of compression members due to 
rivet holes. 

On this point every designer must be his own judge. 

It is necessary in the first place to differentiate between work 
done in shops or with first class machinery, and work executed 
in foreign countries under difficulties, and often with indifferent 
appliances. 

When joints are made away from the shops or without proper 
up-to-date riveting machinery, all members must be designed 
full strength as if the rivets did not really fill the holes, and took 
no compression. 

Again, if rivets have more than four thicknesses of plate to 
traverse or a total thickness of more than three times their own 
diameter of shank to go through, there is some considerable risk 
of their not completely filling the rivet holes however carefully 
they may be put in, since the rivet may cool before it is 
thoroughly squashed home. 

There must, therefore, remain some little risk in not deducting 
rivet holes from compression members. Such deduction, however, 
is frequently omitted unless there are other conditions and cir- 
cumstances involved. 

For example, the upper or compression boom, or flange, of a 
light plate girder is usually made of exactly the same size as 
the lower or tension flange, purely on account of simplicity of 
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construction, plating, etc. The saving in weight in not deduct- 
ing the rivet holes in the compression member does not compen- 
sate for the alteration of sizes. 

In the opinion of the author, no allowance should be made for 
this advantage, and compression members should be designed 
in the same way as tension members, as far as rivet holes are 
concerned, in all girders such as are treated in this work. 

Examples of riveted joints will be found throughout the book 
in the different designs there worked out. 

FEICTION IN RIVETED JOINTS. 

No allowance has been made here for the friction of plates 
one upon another when they are closely joined together by 
rivets. 

W^hen two or more plates are pressed closely together by rivets 
the friction between them tending to resist their movement by 
sliding one upon another is so great that it vastly increases the 
strength of the rivet joint. 

It has been proved by experiment that a double-riveted 
tension joint, in which the rivets are much weaker than the 
tension bars or plates, will fail by the bars or plates breaking 
across before the rivets will fail by shearing or bearing. 

This is entirely due to the extra strength given by the friction 
between the plates. 

No allowance is usually made for this in design, and rivets are 
calculated of the full strength required in the joint. 

It will be found that in old plate girders which have stood 
the test of time the rivets near the ends of the girders which 
join the web to the flange are quite inadequate in bearing or 
shearing or both, and it must be largely due to the friction that 
they have stood as they have. 

It will be shown in the chapter on plate girders that these 
portions of plate girdeis are not easy to arrange as regards rivet 
stresses, and it will be consoling to know that there is this force 
to be relied upon giving additional strength. 

Not enough is as yet known of this matter to enable us to calcu- 
late upon it as a sure means of obtaining strength, and this is of 
course the only reason for ignoring it in designing. 



CPIAPTER X 

nOLLING LOADS AND THEIR BENDING MOMENTS ON DEAMS 

Suppose a load rolls or moves across a beam from one end to 
the other; then, at any given point in tliat beam, the bending 
moment produced by that load will vary during the passage of 
that load ; and when it is a maximum, it is called the Ma,i\ M^ 
at that ffiven })oint. 

Any load or loads moving across a beam or span may produce 
different maximum bending moments at all points on the span ; 
and that point at which the bending moment produced is the 
greatest is called the j)oi;i^ of Maa\ M^l and the value of this 
maximum bending moment is called the Ma,v. Mj^ on the beam 
or span. 

This latter is what the beam must be designed to resist. 

Referring to pp. 15 — 18, it will be seen that a load W placed 

anywhere on a beam causes a bending moment or M^ at every 

portion of the beam, but this Mb is greatest immediately under 

the load and is called the Majc. M^ or maximum bending moment 

in the beam due to the load. 
r^, ^^^""'^^^^^v ^^ "^^ ^^® \odi,i!L moves along 

/ L-^^^*^^^^^ -^. ; ^^^-^ ^^^® beam, the position of the 

/[y^\ .--— — '! "^^^ -. X^s Max, Mn moves too, always re- 

2 --^ r~^^ maining under the load. 

l/jQ ig2. Further, at any point B, Fig. 

162, the bending moment due to 
the load will be greatest when the load rolls over the point B ; 
i,e., the Max, M^ at B will be produced when the load is at B, 

Similarly the Max, M^ at point C will be produced when the 
load is over C 

It will, therefore, be seen that there is a maximum value of 
Mji (caused by the load in its passage over the beam) for every 
point in the beam, and this Max, M^ will be produced when the 
load is at that point. 
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The greatest of these values of maximum bending moment in 
the beam, is produced at the middle point of the beam (when 
only loaded with one load), at the moment when the load is at 
the middle point, and is called the Max, M^ in the beam. 

MAX. Mj, DUE TO A SINGLE ROLLING LOAD 
(ANALYTICAL SOLUTION). 

Consider a beam as in Fig. 163, and a load W rolling over it, 
distant x feet from A. Then the bending moment under the 
weight = lij^ X X. 



Now 



Therefore Max. Mj^ at the load = 



_[r(/-./) 
II I — — . 



I 



Erect a perpendicular de, to represent this on any scale and 
join Ae and Be. 

Then AeB is the M^ 
diagram for this particu- 
lar position of W. 

Now let the load roll 
on to some position (h 
distant xi feet from A . 

Then as before the 
greatest M^ in the 
beam is under the load, 




Fig. 163. 



and 



= R^^.,= mi-^^0,,. 



Draw diagram AeiB as before. 

Similarly for all positions of the load on the span. 

It is thus obvious — 

(1) That the maximum M^ occurs at each point as the load 
passes over that point. 

(2) That we can draw an infinite series of triangles for 
different positions of the load, the height of each being the value 
of the maximum M^ at the load. 

Now if wo find some expression that will give the value of M^ 
at any point when the load stops there ; or find the locus of the 
point e, as the load rolls over the bridge, we shall obtain a curve, 



126 THE DESIGN OF BIMPLE STEEL BBIDGES 

giving the maximum values of the Mg at each point which the 
beam or bridge will be called upon to bear daring the passage of 
the load. 

Now the Max. M^ at any point 

W(l-x) 
= - I -" 

■" I 

This is of the form of the equation to a parabola. 

The locus of the point e will, therefore, be represented by a 
parabola passing through the points A, B, having a central 
ordinate 

= -j-^ since at the centre of span where ^ = o» 

Wl 
Max. Mji on the span = — — . 

A parabola so drawn will, therefore, be the diagram for 
maximum bending moments at any point. Inversely, if it be 
required to ascertain the Mj^at all points of the beam, a parabola 
may be drawn to scale having its central ordinate equal to the 

Max. Ms on the span, or —j-^ plotted to scale. 

Then the vertical ordinate at any point will give the Max. Mb 
at that point. 



MAX. Mb due TO TWO ROLLING LOADS 
(ANALYTICAL SOLUTION). 

Two loads rolling over a span are assumed to be kept at 

a fixed distance apart 
from one another, simi- 
lar to the wheels of a 
2 ^^ road engine. 




^^- •*'- ► ^^ Let the span be 



Pjj, jg^ loaded as in Fig. 164. 

Let C and I) be 
points of application of the weights ]Vi and W2- 
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Let the weights be a fixed distance apart = a. 
Then i?^ = IF, ^^ + W^ ^ ~ \~ '^ 

and Bji = Wi r+Wi ^i^ 
Then Mb at C = fl^ X x 

= (Tri+jr,)^l^^x--5^ (a) 

and Ms at D at a distance x' from A. 
= R^ X x' — Wia 

^ J [(TFi + IT^a) (/ - ^) - W'2a] - W\a 
Now for X substitute x' — a, 

= y ( W^i + "'!.) (i - x') + U'l y' - H'la 

=y ( W^i + JFi.) (i - x') -^ {l-x') . . . . (/3) 

Now*to find the value of x that will give the maximum value 
of Mb, due to load Wi, 

Differentiate (a) for a maximum value of x. 

dMg _ (W i + Wi) (I - 2x) W^aa_Q 
d X I I 

_l W^ 

•'•^ — <j '2(^f'l^-^^'a) 

Similarly, x' = \-^ 2(>n+»>a) 

Now ,., , ,jy. = distance of IFi from c of /; of If ^i and HV 

T yr 

Similarly, th — r-^rn = distance of W2 from c of a of IFi and Wo, 

Hence the two positions of any two loads that will give 
maximum bending moments are such that the centre of the span 
bisects the distance between Wi and the e.g. of Wi and \V\ or 
W2 and the e.g. of W\ and W^. 
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And this Max, M^ will be underneath Wi or TFa. 

If the weights are not equal, the Max. M^ on the span will be 
produced when the heavier weight is nearer to the centre of the 
span than the other. 

This rule is applicable to all cases of two loads on a span ; and 
since x and a are known the actual value of ^^ax. Mg can be 
found by substitution in (a) or 03) above. If the spacing a of the 
loads exceeds '59 of the span, the heavier load will produce a 
bigger Mji by itself when placed at the middle of the span than 
any combination of the two loads. 



Example. 

Assume a road engine with axle loads of 14 tons and 2J tons 
on back and front axles respectively, and a wheel base of 11 feet 






M /fi -)« 









//'.j'....,c,4:zif 



-^ 



^^--- 



— 30'. O' 



77 






Fig. 165. 

3 inches between axles, to be crossing a 30-foot span bridge 
(Fig. 165). 

To find value and position of Max. M^ on the span. 

Position. 

The spacing of the axles is 11 feet 3 inches and is less than 
•69 of the span ; hence the rule given above for two rolling loads 
defines the position of Max. Mg. 

First therefore find the e.g. of the loads. Let it be distant 
X feet from the heavier axle. Then : — 

14 tons X X = 2J tons X (11 feet 3 inches — x) 

. . 16*^" = 

^ 8 

X = 1 foot 8^ inches nearly. 
The Max. Mjj will therefore occur under the 14-ton axle, when 
the centre of the span is half-way between the 14-ton axle and 
the e.g. of the two axles. 
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t.e., the 14-toQ axle is 



1' 8J" 



2 • 

or lOJ inches from the centre of the span. 
The other dimensions follow, Fig. 165. 
Value of Max. Mg on the span. 

^ 30 ^ *^ 30 
. • . Max. Ms at D = iJ^ X 14 feet 1 J inches. 

= 94-23 foot-tons. 
This is in foot-tons since units taken have been feet and tons. 
The Ms at E for this position of the load is. 
Mb = RbX be 

= (2J X ?^' + 14 X ^l^-y 7i" 

= 16-03 foot-tons. 

Max. Ms at other points in the beam. 

The value and position of Max. Ms on the beam have now 
been found, i.e., the greatest Ms that can occur anywhere in the 
span during the passage of any two loads. 

All that remains now is to find the value of Max. Ms or greatest 
bending moment that can occur at all other points of the span 
due to the loads in their passage across the beam. These can be 
found analytically for any or every point from equations (a) and 
(/3) on p. 127, by simple substitution. 

This is easy but laborious ; and once the value and position of 
Max. Ms on the span have been found, the graphic method given 
on p. 131 is the best, giving at once the values of Max. Ms at all 
other points along the beam. 

The graphic method is more especially useful when the beam 
itself is not merely supported only, but is fixed, or half fixed, or 
hinged, or cantilevered, etc., containing points of contraflexure. 
This method is given lower down. 

GENERAL REMARKS 

on rule for position of Max. Ms on the span due to two loads. 
From the solution on p. 127 it will be seen that there are two 

S.B. K 






.A 



" a -»! 



wt" — ^ 



Fig. 166. 
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positions of the two loads, in both of which the vertical through 
the centre of the span bisects the distance between one of the 
loads and their common c. of g. Either of these positions gives 
a theoretical maximum M^ under the load nearest to the centre 

of the span. 

Fig. 166 shows ordinate at J) erected to scale to represent the 

value of Max. Mb found in 
equation (a), the centre line bi- 
secting the distance between 
the load U\ and their common 

^ c. of g. 

The ordinate at E represents 
the Mb at E under this loading. 
The diagram is composed of straight lines, the loads being 
momentarily considered at rest at the position of Max, Mb- 

Fig. 167 shows the ordinate at E erected to scale to represent 
the other value of Max. Mb found in equation (^), the centre 
line bisecting the distance between W^ and the e.g. ; and the 
ordinate at D represents to scale the Mb at D under this 
loading. 

This is a second maximum value for the Max. Mb under these 

two loads. 

The Max. Mb in this case occurs at E since W2 is nearest to 
the centre of the span. 

Now, if Wi and W2 be equal, their e.g. will be half-way 

between them, and the Mb 
p .... -T under each will be the same. 

/ 1^ .. ^ \ %^ Therefore there will clearly 

i ''ly • "^^ be two points of Max. Mb, 

/?! ■ L Jj^ ^^- one at each side of the centre, 

^' ' '^ ^ the Max, Mb being as stated 

Fig. 167. ^, • ..1 

the same in either case. 

If, however, one load is greater than the other, then the two 
values of Max. Mb will not be the same, but the greatest will 
occur under the heavier load when it is nearest to the centre, 
according to rule. 

The lesser maximum value, when the lesser load is nearest to 
the centre, is a maximum in theory, but being less than the other 
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Ms is nofc required as far as the design of beams and bridges is 
concerned, and may be neglected. Referring to Figs. 166 and 167 
the two maxima are explained thus :— 

Suppose that the loads roll on to the span from right to left. 

As If^i approaches and passes the centre, it causes a wave of 
Mb, reaching a maximum at D (Fig. 166), and dying away again 
as it passes D. 

But as JV2 approaches the centre, it causes a second though 
lesser wave of Afg, which reaches a maximum value at E 
(Fig. 167), dying away again to zero. 

The first or larger wave, or Max. Mb, is what concerns the 
design of the bridge or beam over the span. 

MAX. Mn DUE TO TWO ROLLING LOADS 
(GRAPHIC SOLUTION). 

The graphic method for two loads is very simple and has the 
advantage of showing the Max, Mg at every point of the span. 
The construction is as follows : — 

(1) Draw the diagram of Max. M^ for each load separately 
as it passes over the span, ride p. 125. 

(2) Combine these two diagrams having regard to the constant 
spacing or distance apart of the two loads. 

The final diagram gives the Max. M^ on the span and also the 
Max. Mb or greatest moment that can occur due to the combined 
loads at all points of the beam. 

Example. 

Suppose tliat there are two loads Wi and W2 at a distance a 
apart, rolling over the span A B from left to right (Fig. 168). 
The Max. Mb due to each of these loads, considered separately, 

during their passage over the span, are —^ and - - -. 

Wil 
Construct two parabolas on base AB with heights -z— and 

-^^-. (Figs. 168 and 169). 

These two are combined in Fig. 170. 

K 2 




Fig. 168. 
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For when load Wu the leading load, reaches a position P 
(Fig. 168), W2 is not yet on the span, and the M^ due to Wi at P 
is measured hy the ordinate PPi. 
Plot this in Fig. 170. 

Then suppose the load Wi to move on to some point Q, so that 
PFa comes on to the span to the point q (Fig. 169). Then the 

Mb at ^ due to Wi is repre- 
sented by QQi; plot this in 
Fig. 170 at Q. 

But since W^ is on the 
span there is also an M^ due 

to ira. 

Erect a vertical qqi in Fig. 
169; this represents the M^ 
due to W<i at the point q ; join 
qiB. 

The intercept xQ (Fig. 169) 
is the ^fB du© to IFa at the 
point Q ; add this to the or- 
dinate QQi in Fig. 170. 

Then Qx is the total Mg at 
Q (Fig. 170) due to the two 
loads. 

Similarly let Wi roll on to 
some point li (Fig. 168.) 

Plot Rlh in Fig. 170 (equal 
to Rlii in Fig. 168). 

At the new position of W2, 
viz., r (Fig. 169), draw vortical (rvi) and join vi B. 

The intercept i/Ii at K (Fig. 169) must be added to RRi in 
Fig. 170, giving Rij as the ordinate of total M^ at R. This fixes 
the point y on the combined M^ curve. 

In this manner by considering the two loads in successive 
positions on the span (say 2 feet apart), a series of points on the 
combined curve of Max, M^ can be found, and the greatest 
ordinate can be selected by inspection and can be measured, 
giving the value and position of Max, Mb on the span. 

If the loads are equal, the combined diagram will be sym- 




rQ 

Fig. 169. 
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YlQt. 170. 
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Fig. 171. 



metrical. If they are not equal the diagram will be un sym- 
metrical ; and in this case it mast be borne in mind that the 
loads may roll across the bridge in either direction, or either 
load leading, and 
that the greater half 
of the diagram or 
the half having the 
greatest ordinates 
must be taken for 
all measurements. 



Example. 

Two loads of 3 
tons and 2 tons are 
rolling across a span 
of 20 feet, from left 
to right. 

They are 9 feet 
apart. 

First draw the 
Max. Mb diagrams 
for these two loads 
separately. 

These diagrams 
are parabolge with 
vertical heights = 

Max, Mn = — r-. 

4 

The Max. Mg on 
the span due to these 
loads separately are 
180 and 120 inch- 
tons respectively. 

Figs. 171 and 172 




APR 



c d 

Fig. 172. 




are these diagrams, having vertical heights of 180 and 120 inch- 
tons respectively. 

They must then be combined into one diagram (Fig. 173). 

As the 3-ton load advances on to the span from left to right, 
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the Mj) caused will be that due to itself alone, until it gets 
9 feet on to the span, and the 2- ton load is just about to come 
on to the span as well. Up to this point, therefore, the ordinates 
at Fig. 173 are the same as those of Fig. 171. Now consider the 
3-ton load at C; its M^ is represented by CCi (Fig. 171). 

Then the 2-ton load is at P (Fig. 172), and its Mj^ on the beam 
at C is represented by cci. 
Add CCu and cci, and plot them in Fig. 173 at C. 
Then let the loads advance 1 foot further to D and R 

respectively. 

Add the ordinates DDi 
(Fig. 171), and ddi (Fig. 
172), and plot their sum 
in Fig. 173 at Z). 
And so on. 

The curve shown in full 
lines (Fig. 173) is thus 
obtained. It is unsym- 
metrical. 

The highest ordinate is 
found to scale 201*7 inch- 
tons, and is situated 1*8 feet from the centre of the span. 
It is shown dotted in Fig. 173. 

Since the loads may also roll on to the span from right to 
left, a corresponding diagram for this latter case is shown dotted 
in Fig. 173. 

The two curves will be seen to intersect one another, forming 
a re-entrant angle at the top. 

This should be disregarded ; in fact it is usual to join the two 
outer portions of the two il/g curves together at the top, as 
shown in Fig. 174. 

The value and position of Max. M^ on the span may be verified 
analytically. 

ANOTHER GRAPHIC METHOD. 

It is possible to draw an approximate diagram straight off, 
without having to draw separately the Mj^ diagrams for the two 
loads. 




dj c ci 

Fig. 174. 
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In the above example, where the loads are moving from left 
to right, the Max. Mg on the span can be found analytically (by 
rule), to be 201'7 inch-tons, under the 8-ton load, when it has 
passed 1*8 feet beyond the centre of the span, i.e., to the right 
of it in this case. 

Plot ^B as a base line to represent the span (Fig. 174). 

Then plot 201*7 as an ordinate at d, where d is 1*8 feet to the 
right of C, the centre. 

Describe a parabola Bea\ with vertical axis de, and height 
201-7 inch-tons. 

(a' is 1*8 X 2 feet from A, i.e., the distance of the leading 
load from the e.g. of the two loads. As the loads are advancing 
from left to right, the leading load would have reached the point 
ai just as the e.g. of the two loads arrived at A and was about to 
come on to the span.) 

Now since the loads may cross the span in the opposite 
direction, a similar parabola VeiA is also drawn, and the two 
parabolas thus obtained are united into one whole curve at the 
top, as in Fig. 174, at eei. 

This j&gure gives the value of the Max. M^ at all points of the 
beam without the trouble of combining two diagrams into one. 
But it is of no practical use for more loads than two. 

Note. — Before going further, attention is again called to the 
meaning of the parabolic and similar diagrams of Max, M^ at any 
point, and Ma>x, Mb on the span. 

The greatest ordinate of such a diagram drawn for either one 
or two, or more loads, is the Max, M^ on the span or greatest 
bending moment that can be caused by the load or combination 
of loads in their passage over the span, and it occurs at that 
point of the span indicated 

by the diagram, and called f^^""^"^^-"^ 

the point of Max. M^. /; 

The remaining ordinates / • 

denote the Max. Mb that can _Z i C 

occur at all other points due ^^^ j-. 

to the passage of the load or 

loads over the span. But at any particular moment during the 

passage of the load or loads over the span or at any particular 
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position, e.g,, P and Q (Fig. 175), the maximum values of Ms 
are produced at P and Q under the loads, but those produced in 
the remainder of the span are indicated by the ordinates of a 
curve, consisting of straight lines, formed by joining AP\ 
i^'Q'y Q'^ (Fig- 175). And as the loads move onwards, P' 
and Q' will move along the parabolic curve, whereas the inter- 
mediate values of Ms will be bounded by the straight lines AP', 
P'Q\ Q'B. 



SEVEEAL ROLLING LOADS ON A SPAN. 

General, — The Max. Ms due to several rolling loads such as the 
wheels of an engine or train crossing a bridge is what now 
remains to be found. 

The methods employed in the case of two loads can be extended 
and applied to this case also. 

Thus, the Max. Ms on the span can be found analytically by 
trial and error, or more directly by the use of differential calculus, 
or by graphic solution. 

The graphic solution of such problems is by far the easiest, 
and has the advantage of giving the maximum stresses at every 
point in the span, which in the analytical solution would have to 
be calculated separately. 

Further, the graphic solution gives the points of contraflexure 
in the beam, if such exist, as well as the sign of the shear stresses, 
and the extent and magnitude of the reversal of stress. 

The graphic solution will therefore be treated first. 



Ms DUE TO SEVERAL LOADS (GRAPHIC SOLUTION). 

The principle of solving these cases by graphics is as follows :— 

(1) Draw separate Max, Ms diagrams for each load, supposing 
it to roll across the span by itself. 

(2) Combine these diagrams into one, having regard to the 
fixed spacing or distance apart of the loads. 

This will be most clearly exemplified by a numerical example 
from practice. 
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Example. 

Assume an engine with axle loads as shown in Fig. 176 to be 
crossing a 60-feet span. 

The first step is to plot parabola of Max. M^ for each axle load 
considered separately as it crosses the span. 

This is done (refer example, p. 125) by plotting central vertical 

Wl 
ordinates representing the Max. M^ on the span or -j- for each 

load, and drawing parabolse through the points thus found. 
The maximum central M^ for 

axle No. 1 = 6*8 X ^ = 102*00 foot-tons 

No. 2 = 7-0 X „ = 10-500 
No. 8 = 16-5 X „ = 247-60 
No. 4 = 14-5 X „ = 217-50 
No. 5 = 9-0 X „ = 135-0 
No. 6 = 90 X „ = 135-0 
No. 7 = 8-12 X „ = 121-80 
Plot seven parabohe with central vertical ordinates as above. 
These parabolae have been numbered for reference in Fig. 176 
with the same numbers as the engine wheels. 

It is now required to combine these paraboleB into one curve 
which wall give the position and value of Ma^. M^ on the span, 
and the values of Max. Mj^ at all points of the span. 

Suppose that the engine roll on to the span from left to 
right. 

As wheels Nos. 1 and 2 advance on to the span they produce 
bending moments, but these may be neglected as they obviously 
are not so great as those that will be produced when wheels 8 and 
4 come on to the span. 

In fact a little practice will make it possible to judge very 
nearly the position of the engine on the span which will produce 
the greatest M^- 

Consider the case when wheel No. 3 has advanced 8 feet on to 
the span, and is for the moment stationary at P^, on parabola 
No. 3 (Fig. 176). 

The corresponding positions of axles 1 and 2 can now be plotted 
on their own parabolae, viz., 1 and 2, at 1\ and 1\. 
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Erect a perpendicular at Pi, viz., Pi^i, representing the M^ at 
Pi due to axle No. 1, and join piA, piB. 
Erect similar perpendiculars at P^ and Psand join to A and B. 
Axle No. 4 will not yet be on the span. 
Then draw the base line ^i5 in Fig. 177 and mark the points 

Pi, Pa, Pa. 

To combine the separate parabolee, add the ordinates together 




^^4 J*» Qi r^ 



Qz Qi 

Fig. 177. 



at each point where a wheel is resting. 

The ordinate at Pi is made up thus (Fig. 177) : — 

First there is the whole M^ due to No. 1, or Pi;>i in Fig. 176. 

Then there is also the portion P\i)\ on parabola No. 2, or the 
M^ at Pi due to axle No. 2. 

This axle is momentarily stationary at the point Pa, and its M^ 
on the beam or span is given by the ordinates of the triangle Ap^Jl. 

Hence the ii/g at Pi due to load No. 2 is the ordinate Pij^i in 
parabola No. 2. 
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Similarly there is also the efifect at Pi of the axle No. 8 resting 
at Pq, i.e., the ordinate Pipi in parabola No. 3. 

These three amounts are added together, and are plotted as 
the ordinate of M^ at Pi in Fig. 177. 

Similarly ordinates are plotted for the total J/g for all three 
axles at the points P^, and P3. 

The ordinate P2P2 in Fig. 177 is the sum of the ordinates P2P2 
in parabolflB Nos. 1, 2, and 3 (Fig. 176). 

And the ordinate P^p^ is the sum of the ordinates P^p^ in the 
same three parabola. 

Therefore A, 2>3> P^yPu By are points on the J/g diagram in Fig. 
177 and should be joined up. 

This diagram gives the effect of the engine on the span when 
at the position assumed. 

Now suppose the engine to advance on to the span until axle 
No. 3 is 18 feet from A. 

Axle No. 4 will have now come on to the span. 

The positions of the leading four axles are plotted on their 
respective parabolas at Qu Q2, Qa, Q^ (Eig- 176), and also on the base 
line of Fig. 177. 

Again ordinates of M^ must be erected in each parabola at the 
positions where the axle loads are applied. 

The Ms at Qi (Fig. 177) is the sum of the M^b at Qi due to all 
four axles that are on the span, i.e., the ordinate Qiqi in Fig. 177 is 
the sum of ordinates Qiqi in parabolae Nos. 1, 2, 3, 4 in Fig. 176. 

Similarly for the other points ^2, Qsy Qi- 

The diagram Aq^q^^iiB in Fig. 177 represents the combined 
Mb due to the engine when wheel No. 8 is 18 feet from A. 

Now the engine must be supposed to advance still further 
on to the span, and the Mb must be plotted for different 
positions of the axle loads, advancing (say) 5 feet at a time. 

As the engine advances the polygon or curve of total Mb 
will increase to a maximum, and a position of the engine will 
eventually be obtained beyond which any further advance will 
lead to a reduced Mb on the span. 

In order to avoid confusing the figures, the construction of 
these subsequent positions has not been shown, but the Max. Mb 
diagram is as shown in Fig. 177, A a a a a a a B, the Max, Mb 
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measuring 675 foot-tons, and occurring at a point 4 feet from the 
centre under wheel No. 4. 

As the diagram is a polygon made up of straight lines, it is 
advisable to enclose or circumscribe it with a continuous curve, 
which approximates in shape to the polygon, and stands 
symmetrically on the base line of the span. 

This will allow for the engine crossing the bridge in the 
opposite direction. 

It is desirable that it should be a parabola, i.e., that parabola 
which will most nearly enclose the polygon. 

The reason of this will appear later. 

If it is desired to use this curve of Max, M^ for the design 
of the girders of a bridge, it will be necessary also to include 
the Ms due to the dead weight of the bridge itself. This dead 
weight will be a uniformly distributed load on the span, and 
its Ms diagram will be a parabola. 

This parabola can be drawn on the same base as the Max. M^ 
diagram and can be combined with it if desired ; or it may be 
left separate. 

Such a parabola is shown in Fig. 177, viz., A hhh B having 

a vertical ordinate of 150 foot-tons, derived from the formula 

Wl 
Ms = -K- for uniform load, and allowing for a weight of J tons 

per foot of span. 

The total Max, M^ at any point is measured by the sum of 
the ordinates at that point, of both the outer M^ curve and the 
inner dead load curve. 

It should be borne in mind that the outer Max, M^ curve 
represents live loads, and that the curve for the dead load repre- 
sents dead loads only, due to the weight of the bridge. 

Corrections for the live load would usually be made before 
calculating or plotting the vertical heights of the Max. M^ 
parabolsB of the separate axle loads. 

In plotting curves of this nature it is necessary to exercise 
great care in plotting the individual parabolae. As large a 
number of points on the parabola as possible should be found 
and the horizontal scale should be a large one. If the hori- 
zontal scale is small the sides of the parabola near the abut^ 
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ments will be very nearly vertical, and a very small error in the 
position of the loads on the span will cause a very much larger 
error in taking off the bending moments. 

In the above example, if the final curve is not symmetrical it 
must be made so, the ordinates for any two points symmetrically 
situated on opposite sides of the centre of the span being made 
equal to each other, and also equal to the maximum value found 
for either of them by the polygon of Max. Afg. 

This will make the curve symmetrical about the centre line 
of span and will allow for the engine crossing the span in either 
direction. 

Plate II. shows such a Max, Mjj diagram worked out. 

When there are many wheels the figures are apt to become 
confusing ; different colours have therefore been used in order to 
prevent this as far as possible, and each colour represents a 
position of the engine on the span. 

Suppose wheel 3 to be at the position shown in red in parabola 
No. 3, then the red lines in all the other parabolas represent the 
Max. Ms due to all the other wheels at that moment, and all 
the red ordinates vertically above each wheel must be added 
and plotted to obtain the red curve of total Max. Mb due to this 
position of the engine. 

Suppose the engine rolls on so that wheel 3 is in the position 
shown in blue lines in parabola No. 3. 

Then the blue lines in all the other parabolas represent the 
Max. Mb due to the other wheels at that moment, and all the 
blue ordinates over each wheel must be added and plotted to 
obtain the blue polygon of total ^[ax. Mp. 

Note. — It will not be necessary to plot the total curve of 
Max. Mb for every position of the engine. 

Examination of the axle loads, and experience, will enable a 
fair guess to be made at the position of the engine that will 
give the greatest Mb, and a few trials to one side or the 
other will decide this position definitely, and the value of 
Max. Mb on the span, quickly and accurately. 

This is the method which is recommended for the solution 
of problems in all solid beams loaded with three or more rolling 
loads, and certainly for all plate girders. 
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HAriER XI 



ROLLING LOADS AND THEIR SHEAR STRESS ON A BEAM 



SHEAR DDE TO ONE ROLLING LOAD. 

It has been shown in Chapter V. that the vertical shear at an 
abutment or support is equal to the reaction at that abutment 
or support. 



OH 
In Fig. 178 the reaction at A due to W at C = W^-j » and 



that 



at Z^ = If 



AB' 



Therefore the shear at ^4 = W-rn and at 5 = W -j-f,. 

AB AB 

If now the load move to C", then the shear at A increases to 

C'B C'A 

W -TTT and that at B decreases to W—tf^. 
AB AB 

The shears therefore depend on the magnitude of CB and CA 
or on functions of the 
first degree, and as the 
load moves the shear 
increases or decreases 
uniformly, and the or- 
dinates denoting the 
shear on either side of 
the load at any point, when the load is at that point, will be 
bounded by straight lines. 

When the load approaches either abutment, in the limit 
when it reaches it, the shearing force at that abutment = load 
= W, and the shear at the other abutment = zero. 

When the load is at the other abutment the same occurs, the 
sign of the shear being changed. 

To plot the diagram therefore erect ordinates at A and B 




Fig. 178. 
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equal to W plotfced to scale, one positive and the other negative, 
and join as in Fig. 179. 

This gives the maximum possible values of shear at all points 
due to that load. Fig. 179 shows also the shearing stress that 

occurs when the load is 
^r — --^ at any particular point 

of its passage. 

The above only treats 
of the vertical shear. 

It must not in any 
way be supposed that 
this is the only shear- 
ing stress that has to be met by the beam. 

But this solution gives the vertical shearing stress and this 
must be equal to the horizontal shearing stress, so that this 
latter can easily be found. 

The real diagonal shearing stress can also be found if 
required by compounding the vertical and horizontal shearing 
stresses. 




Fig. 170. 
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VERTICAL SHEAR DUE TO TWO ROLLING LOADS 

(ANALYTICAL SOLUTION). 

Suppose TFi and IV2 to be two loads, V apart and rolling 
across a span, I feet long, from right to left (Fig. 180). 

"When Wi is on the span and W2 is just about to come on to it, 

the shear on the 
beam on either side 
of Wi is the alge- 
' braic sum of the ver- 

tical forces acting 
on the beam on that 
side of Wi. Thus on the portion A D of the beam, the forces are : — 
Rj^ upwards. 
Shear downwards. 
, • . Shear = li^ 

V 
= Wi J and is positive l)y convention, 



Fig. 180. 
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and shear in DB 

l — V, 
= Wi — Y~ ^^^ ^s negative by convention. 

Now suppose the loads roll on further as in Fig. 181. 

The shear at any point in the beam will be found by 
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Fig. 181. 

taking the alegebraic sum of the forces on one or other side of 
the point, acting upon the beam vertically, i.e. : — 
The shear at any point in ^D = ii^ 

= Tfi-j-+If2 ^ 

This is positive. 

Again the shear at any point in DE such as P, is found in 
the same way. 

The forces acting on the beam on the left of P are : — 

Ra upwards. 

Wi downwards. 

Shear at P. 

Equating these we have, 

Shear at P = iZ^ — Wi 

This may be positive or negative according to the magnitude 
of Wi and Wg. 

The shear at any point Q is found in the same way. 
Consider the forces to the left of Q. 
Shear = 22^ - Wi - W2 



= Wi '—r^ + Wi - , —- Wi - W2 



= -["'4+"^^-l-] 



This is a negative shear. 

S.B. 
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Or the shear at Q may be found from the reaction at B. 
Consider the forces to the right of Q. 
Then shear = Rb 

and is negative by convention. 

The maximum positive shear occurs as one or other of the two 
loads approaches the abutment A, viz., when x =z o or x = Uy 
depending on the relative values of Wi and IFa. 

Similarly for negative shear at B. 

VERTICAL SHEAR FOR TWO ROLLING LOADS ON A 

SPAN (GRAPHIC METHOD). 

Assume that two loads Wi and Wq fixed at a distance h apart 
are rolling on to a span, I in length, from right to left. 

Draw separately 
l'^' Wf the positive maxi- 

mum vertical shear- 
ing stress diagram 
for each load as it 
crosses the span. 

Thus in Figs. 182, 
188, erect vertical or- 

dinates at 4 = ^^i 
and Wi respectively, 
and join Bd in each. 

These represent the 
maximum values of 
vertical positive shear 
that the loads can 
each cause in their 
passage over the span. 

Then combine the 
two in Fig. 184 
thus : — 

When IT'i reaches a 
point L distant h from B, the whole shear on the beam is repre- 
sented by the ordinate Le (Fig. 182). 




Fig. 182. 




Fio. 183. 
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Plot this in Fig* 184. So far W2 has not got on to the span. 

Now suppose Wi to be at P, 

The shear on the left of P due to Wi is represented by Pp 
(Fig. 182). 

Plot this in Fig. 184. 

The shear at P due to W2 which is at Q distant k from P is Qq 
(Fig. 183). 

Add this to the ordinate Pp in Fig. 184, making a whole 
ordinate Pq (Fig. 184), which represents the combined shear 
at P. 

Similarly for any number of different points such as P, selected 
(say) 2 feet apart along the span AB. 

When the leading load Wi arrives B,t A, W2 will have arrived 
at M (Fig. 183). 

Plot Ad at A on Fig. 184 from Fig. 182, and add to it the 
ordinate Mm from Fig. 183. 

Then Am represents the whole shear at A when IFi is close up 
to it. 

This method is similar in principle to that employed for 
Max. Mfi, i.e,, adding the ordinates of parabolas together. 

This completes the diagram of maximum shear. 

The ordinate measured at any point will give the maximum 
shear that can occur at that point. 

[Note. — After the point I has been found (Fig. 184) it is 
sufficient to erect the ordinate Am and to join ?»Z.] 

ANOTHER GRAPHIC METHOD. 

The following is a simpler construction arriving at the same 
result : — 

Consider W\ as rolling on to the span from £ to ^ as in 
Fig. 185. 

Erect a perpendicular AddA A to represent Wi. Join Bd. 

Then let li be the distance between Wi and IF2. 

Suppose Wi to have rolled ly on to the span, so that \\\ is just 
coming on at B. 

Then the shear under Wi = c A: + the incipient shear due to 
IFa which is still just = 0. 

Draw Aai'= h. 

L 2 
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Erect a perpendicular ai di to represent IF2 ; join di c, cutting 

Ad Q,t 7/1. 

Then as the load Wi comes to any point on the beam such as 
p, the shear at that point = the sum of the ordinaies at that 
point measured from the two diagrams AdB andairfic, viz.,j[>f and 



Jleoc 




Fig. 185. 

j)8. This sum can be obtained graphically by laying off 
dd2 = Am, and joining d^k. Then pu = ^« -f- P^' 

The diagram for the two loads is then aidiind^k B. 

When Wi reaches A, shear at ^ = Adz- 

When Wi passes A, shear drops to Am due to IFa only, and 
increases again up to aidi as W2 approaches A. 

Note. — Shear must always be measured under IfV 

This therefore completes the diagram for positive vertical 
shearing stress. 

This process is applicable for any number of loads. 



GENERAL. 

It must not be forgotten that the intensity of horizontal 
shearing stress at any point is equal to the intensity of the 
vertical shearing stress at the same point ; and that both the 
vertical and horizontal shearing stresses are only the two 
components of the real shearing stress which in a solid 
homogeneous beam acts upwards towards the centre of the 
span at an angle of 45° to the vertical, and is equal to the 
** veiiical coinjyonent of shear Xs/^'' at any point. This is 
general. It does not apply to all beams, but is true for solid 
homogeneous beams at their neutral axes. 
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NEGATIVE SHEAR. 

Hitherto the shear has only been considered at one end of the 
span. 

Referring to Fig. 185, it is clear that the moment the leading 
load (7 tons) rolls on to the span at B, it causes a vertical shear 
on the span at B equal to itself, i.e., 7 tons. 

This decreases as the load rolls on towards A, 

Or were the loads to roll on to the span from the other end 
towards B, the same effect would be produced when the load 
reached B, 

Hence the shear diagram must be duplicated as shown in 




Fig. 186. 

Fig. 186, in which the negative shears are shown below the line. 
The diagram below the line is of course identical with that above 
it, although of opposite sign. 

From this it will be apparent that any portion of the beam may 
be subjected to either positive or negative shear, causing reversal 
of stress in the beam. 

It should be noted that in the case of moving loads, where 
no notice is taken of the weight of the beam itself, reversal of 
stress may occur at all points of the beam, although towards the 
supports the reversal is very small. 



Example. 

Consider the loads given in the example on p. 133, viz., 3 tons 
and 2 tons, 9 feet apart, rolling across a span of 20 feet. 

It is required to draw the shearing stress diagram and to find 
the maximum shear at either abutment. 
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Suppose the loads to roll on to the span from right to left, the 
8-ton load leading (Fig. 187). 

Then at A plot a vertical A d, equal to 3 tons on any convenient 
scale. 

Join d B. 

Then AdB is the diagram of shear stresses due to the leading 
load, 8 tons. 

Lay oRBP along B A equal to 9 feet on the same scale as A B. 

Erect a vertical ordinate P Pi. This ordinate will represent 
the shear at P when the leading load reaches P. 

Then lay off A ai to the left of A equal to 9 feet. 



nv/ 




Fio. 187. 

At Oi erect ai di equal to 2 tons, to scale. Join di P cutting 
A d in 7/i. 

Measure Am and lay it off at dvii above d. Join niiPi. 

Then A uii represents the whole maximum shear at A due to 
both loads when the leading (or 8-ton load) has just reached A. 

Also viiPiB is the diagram showing the maximum positive 
shear at all points between A and B due to the two loads. 

The maximum shear at A is found to be A ;«i = 4'1 tons by 
measurement. 

The diagram for negative vertical shear is equal and opposite, 
and is drawn below the base line A B. 



SHEAR DUE TO SEVERAL ROLLING LOADS 

(GRAPHIC METHOD). 

The method of plotting the maximum shearing stress diagram 
for several rolling loads is merely an elaboration of the preceding 
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for two rolling loads, and consists of combining the shearing 
stress diagrams for each separate axle into one. 

The same data as those taken for the example of Max. M^ 
diagram (p; 186) are here taken into consideration, and the 
engine (Fig. 176) is supposed to be running backwards on to 
the span from right to left with wheel No. 7 leading. 

The process is as follows : 

(1) Draw separate diagrams of maximum shear for each axle 
load (Fig. 188). 

(2) Combine them into one having regard to the spacing of the 
engine wheels (Fig. 189). 

Now we know that the maximum positive vertical shear that a 
given load can produce at any point of the span during its 
passage is given by the ordinate of its maximum shearing stress 
diagram, and that this diagram is drawn with an ordinate equal 
to the load at one end and equal to at the other. 

Therefore for each axle load erect a perpendicular at A to 
represent the axle load to scale on a base line A B representing 
60 feet span, and join the points so found to B (Fig. 188). 
These are maximum shear stress diagrams for the different 
loads (No. 7 diagram is drawn first as No. 7 wheel is leading 
over the span). 

Now we know that the position of maximum shear is close 
to one or other abutment when the loads have rolled across 
the span and are close up to that abutment. 

Let us therefore assume that axle No. 7 is just about to 
reaph the abutment A^ and to roll off the span to the left. 

Then in Fig. 189, on a base line A B erect a perpendicular at 
A to represent the shear at A due to axle No. 7. 

This will be ah from diagram No. 7 (Fig. 188), since axle 
No. 7 is at A. 

Now there is also the shear at A due to axle No. 6, etc. ; and 
axle No. 6. will be 5 feet 3 inches from A at this instant, and the 
ordinate at this point in diagram No. 6, viz., Pc, represents the 
shear at A due to axle No. 6, and must be added to ^6 in 
Fig. 189, making a total ordinate Ac. 

Similarly in diagram No. 5, P indicates the position of axle 
No. 5 on the span for this position of the engine, viz., 5 feet 
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11^2 



J^I. 



Fio. 188. 
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8 inches to the right of axle No. 6, and Pd represents the 
shear at A due to axle No. 6 and must be added to Ac in 
Fig. 189, making a total ordinate Ad. Similarly for all the 
axle loads : — 

The ordinates above P in the axle diagrams (Fig. 188) are 




\—-/o 



Fig. 189. 



B 



added together to form the ordinate Ah in Fig. 189. 

This establishes the maximum shear at A or the maximum 
reaction at the abutment. 

Now suppose that the engine is a little further back, viz., axle 
No. 7 is 10 feet back from A to the right, at some point K> Plot 
the corresponding point K in Fig. 189 and erect an ordinate 
above it as follows : 

The [shear at K due to axle No. 7 is KV (Fig. 188), and is 
plotted in Fig. 189. 

The shear at K due to axle No. 6 being 5 feet 3 inches to the 
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right of axle No. 7, or 15 feet 8 inches from A, is Qc' and is 
plotted at K in Fig. 189. 

Similarly the shear due to axle No. 6 is given in diagram 
No. 5 and is Q cV, axle No. 5 being 10 feet 6 inches to the right 
of K, or 20 feet 6 inches from .4, and is plotted at K in Fig. 189. 

Similarly for the other axle loads. 

This gives a total ordinate Kh* in Fig. 189, representing the 
shear at K due to all the axle loads when wheel No. 7 is at K. 

The ordinate KW (Fig. 189) is made up of the ordinates 
above K and Q in the diagrams (Fig. 188). 

This process must be repeated for different positions 
moving the engine or loads 5 feet or 10 feet at a time along 
the span. The points so obtained, viz., h' h" h'" K"\ etc., 
are joined, and the graph /t' If h"' /i . . . JB so obtained is the 
diagram of maximum shearing stress, positive, vertical, at any 
point in the span. 

Note. — The maximum shear at A scales 46*75 tons in this 
example. 

ANOTHEE METHOD. 

A shorter method of plotting the complete shearing stress 
diagram is that shown in Fig. 190. 

It is similar to that shown for two rolling loads in Fig. 185. 
The method consists merely in plotting the different diagrams of 
maximum shearing stress on the same base line AB, or AB 
produced, in such positions or relative spacing, depending on the 
engines under consideration, that the ordinates of each shear 
diagram intercepted above A, by the vertical line at A, represent 
the shear at A due to each axle load respectively, and may be 
plotted together vertically above one another at A to give the 
maximum shear at A. 

Assume the same engine, as in the foregoing case (Fig. 176), to 
be crossing a 60-foot span BA, from right to left, with axle No. 7 
(8*12 tons) leading. 

Suppose this axle to be just approaching the support at A 
though not actually resting on it. . 

Then the shear at A due to axle No. 7 is 8*12 tons. 

Plot this to scale vertically above A, viz., A 7. Join B 7. 
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Now axle No. 6 is 5 feet 3 inches from No. 7 ; therefore mark 
off c and c' along BA, 5 feet 3 inches to the left of B and A 
respectively. 

At c' erect a perpendicular and plot the point 6 so that c' 6 
represents 9 tons (axle No. 6). 

Join 6c. Then the triangle c'6c is the maximum shear 
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stress diagram for axle No. 6 and is in its right place. 

Add this to the triangle AlB. 

On the vertical at A measure the intercept between A and the 
line 6c. This represents the shear at A due to axle No. 6. 

Plot this above the point 7, viz., 7 6'. 

Also at € erect a perpendicular c c" cutting B 7 at c". Join 
c" 6'. 
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Then for axle No. 5 lay off points d and d\ 5 feet 3 inches 
further to the left of c and c'. 

Erect perpendicular of 9 tons for axle No. 5, viz., d'S. Join 5d. 

Measure intercept above A and lay it off above point 6', viz., 
6' 6'. 

Erect perpendicular at d meeting c" 6' at d". Join 5' d". 

Then measure points e' e, 9 feet IJ inches further to the left. 

Erect c'4, to represent 14*5 tons, join ie. 

Measure intercept on the vertical through A and lay it off as 
at 5' 4', and so on. 

This completed diagram gives the maximum shear at any 
point for the loads in question, measured vertically above that 
point on the span, and occurs when the leading axle (No. 7 in 
this case) reaches that point in its passage over the span. 

The maximum shear at A scales 46*75 tons in this example. 

The closer together the wheel loads are, or the more nearly 
they approximate to a uniform distributed load, the more nearly 
does the diagram approach to a regular curve, namely, a 
parabola. 

The portion of the diagram to the left of A may be completed 
as shown in Fig. 190 in thick dotted lines, so as to give the 
decreasing values of the shear at A as the engine rolls off the 
span to the left. 

It is obvious that as each axle reaches A, and passes off the 
span, the shear at A must decrease with a sudden drop, equal to 
that axle load ; it will then increase again gradually as the 
remaining axles approach it, until the next one reaches ^, in its 
turn, and passes off the span, when the shear will again drop by 
that amount. 

Or, conversely, if the engine were to return across the span 
from left to right, with axle No. 1 leading, the increasing shear at 
A would be measured by the ordinates of the thick dotted curve 
over axle No. 7, and would go on increasing until axle No. 7 
reached A, when it would reach the maximum {Ah in Fig. 189 
and ^1' in Fig. 190) and then decrease again according to the 
diagram, as the axle No. 7 moved away from A across the span. 

It is also worthy of note that if axle No. 7 is small compared 
with axle No. 6, it is quite possible for the shear at ^ to be a 
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maximum when axle No. 7 has passed off the span, and axle 
No. 6 is close up to A, This is equivalent to saying that the 
point k in Fig. 190 may be higher than point 1'. 

To complete the diagram add the ordinates at c', d', <?',/', g\ 
and join the points so obtained, making allowance for the sudden 
decrease due to one axle at each point. 

Then after axle No. 7 has passed off the span to the left of A 
the shear at A can be ascertained for any position of the engine 
by measuring the ordinate above axle No. 7. 

Viz., if axle No. 7 is at P, then P P' represents the value of 
the shear at A at that moment. 

It should be noted that if the engine were to cross the span 
with axle No. 1 leading, instead of axle No. 7, the maximum 
stress diagram would be different, giving either larger or smaller 
shear stresses. Which of these two positions gives the larger 
shear stresses must of course be determined in every case, and 
that giving the smaller may be neglected. In this case the 
engine running backwards, i.e., axle No. 7 leading, has been 
found to give the larger shear stresses, and has accordingly been 
so considered for plotting the maximum shear stress diagram. 
Figs. 189 and 190. 

NEGATIVE SHEAR. 

The shear diagrams in Figs. 189 and 190 give the maximum 
value of positive vertical shear that can occur at any point of 
the span due to the loads in question traversing the span from 
right to left, with axle No. 7 leading. 

When the leading axle reaches any point on the span the 
vertical ordinate at that point gives the value of the shear 
immediately in front of the load, the shear behind it being either 
considerably less, or of opposite nature and negative in sign. 

If the engine were to cross the span in the opposite direction, 
viz., from left to right, with the same wheel leading, viz.. No. 7, 
a shear stress diagram could be drawn precisely similar to the 
above in every detail, but having the maximum shear stress 
ordinate at B instead of A, and the zero at A instead of B. In 
this latter case the shear stresses would be of an opposite nature 
to those caused when the engine .crosses from right to left, and 
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are called negative for convention, since they would tend to 
neutralise those called '' positive." 

This diagram is plotted below the datum line AB, for con- 
venience, vide Fig. 191, and the complete shear stress diagram 
for both directions of crossing is given in Fig. 191. 

The reasons for calling one shear positive and the other 
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negative have been given on p. 62. 

It is essential that the difference between positive and negative 
shear should be thoroughly understood. 

To make this matter clear, or to call it under review again, 
consider Fig. 192. 

The leading wheel P is on the span moving from right to left, 
and the small rectangles a and 6, drawn on the side of the beam 
or girder (greatly exaggerated in shape and size), tend to deform 
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Fig. 192. 



or elongate to a diamond shape in opposite directions, the 
deforming stress on " a " being considered positive, and that on 
" b " being considered negative. 

The i^ositive stress in front of the load P would be ascertained 
from the positive or upper diagram in Fig. 191, while that behind 
P is not obtainable 
from the diagram since 
it is not nearly equal to 
the maximum negative 
shear for that point. 

In Fig. 193 the loads 
have advanced until both are on the span. Then the shear to 
the left of P is positive and that to the right of Q is negative ; 
that between P and Q may be either positive or negative, de- 
pending on the relative 

weight of the two loads ^^ -'' " — ^ — ^^ 

and their positions on 
the span. 

These two opposite 
kinds of shear stress must be most carefully kept separate, as 
they stress the beam, or girder, in opposite ways, and neutralise 
each other when they occur on the same portion of the span. 




Fig. 193. 
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DEAD LOAD. 

So far in the investigation of shear stresses the weight of the 
girder has been ignored, and only the accidental or super-imposed 
loads have been considered. 

In the example of Max. 
Mb, p. 141, the weight of 
the girder was taken as 20 
tons, or I ton per foot run. 

This is a permanent dis- 
tributed load, entirely in- 
dependent of the accidental load, and its diagram of shear stress 
on the span is given in Fig. 194. 

This is plotted to the same scale as the diagrams representing 
the shear due to the axle loads. 




Fig. 194. 
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For convenience or compactness this is transferred to the base 
line AB in Fig. 195, and is lettered 7/m. 

The shear stresses due to the dead load must of course be 
added to those due to the accidental load, in order to ascertain 




Fig. 195. 

the total maximum shear stress at any point, due account being 
taken of the sign of the shear. 

Suppose, for example, that the engine is crossing backwards 
as before, from right to left, causing positive shear stresses on 
the span as shown by the diagram Aa^c^d'e' B (Fig. 195), and 
that the shear stresses due to the weight of the girder itself are 
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shown by the diagram mon (Pig. 195), then in order to combine 
these two diagrams, the ordinates must be added, thus : — 

Lay off ma" = Aa' ; then Aa" represents the total positive 
shear at A. 

At any points along the span, say 5 feet apart, add the ordi- 
nates, viz., the total ordinate qc" is the sum of qq' and qc' laid 
oflf above q, 

rd" is the sum of rr' and rd' laid off above r. 

At o there is only one ordinate which remains unchanged. 

se" is negative and is the algebraic sum of ss' (negative) and 
se^ (positive) laid off downwards from s. 

At B there is no positive ordinate and Bn is the sum of the 
shears at B^ being negative. 

The total combined diagram is therefore Aa"c" .... ke"n B. 

AB remains the datum line from which ordinates are measured, 
and it will be noted that the net shear due to both the accidental 
and the permanent loads is positive to the left of the point /c, and 
negative to the right of it. 

The same superposition applies to the negative sheer stress 
diagrams below the line AB, the final curve being mhh'\ 

This complete diagram shows that to the left of the point 7^, 
i.e., between A and ft, the shear is always positive, though it varies 
greatly in magnitude, while to the right of A: or between B and k 
the shear is always negative. 

Between h and k the shear stress may be either positive or 
negative. 

REVERSAL OF STRESS. 

A girder or beam over the span AB in Fig. 191 is liable to 
either positive or negative shearing stress throughout its length. 
Or, in other words, all portions of the beam are liable to be 
stressed, either in tension or in compression, by the shearing 
stresses. 

When this state of affairs exists, the girder is said to be liable 
to reversal of stress throughout its length. 

Again, the girder over the span in Fig. 195, in which diagram 
the permanent weight of the girder itself has been included, is 
liable to positive or negative shear stress between the points 

S.B, X 
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/( and /.' only, or may be said to be liable to reversal of streBS 
between the " limiting points " /( and k. 

The greater the weight of the girder or other permanent 
load compared to the accidental load, the closer together /( and k 
will be. 

Between k and h special means must be taken in designing 
a girder in order to meet the reversal of stress shown in the 
diagram. 

In Fig. 19i, in which the girder is loaded with a purely uniform 
distributed load, there is no reversal of stress. 

MAXIMUM BHEAEING DIAGRAM. UNIFORM 
DISTRIBUTED LQAD. 

This is a case often occurring in bridge design, in which the 
engine and train crossing a span are not considered aa a col- 
lection of separate 
wheel loads, but the 
uniform equivalent 
distributed load is 
used instead. 

Assume that a 
train of nniform 
weight w per foot 
run is running on 

to a span (Fig. 196) ^, 

from right to left. 

Let I be the length of the span and a that of the train (less 
than the span). 

Then the total weight of the train = ua. 

Then suppose the train to have reached some point A'; then 
the maximum shear possible at iV occurs when all possible 
loads are added on the right of N, and when there are no 
loads to the left of -V, i.e., when the entire span between 
N and li is covered by the train, and the head of the train has 
not passed .V. 

For adtling any load to the right of A' increases the positive 
shear at N, while adding a load to the left of N (by allowing the 
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train to pass to the left of N) causes a small negative shear at N, 
making a reduction in the total shear at N. 

Hence the maximum shear stress at any point occurs when 
the head of the load has advanced just up to that point. 

Let A'' be distant x from A . 

Now the value of the positive shear at N ^ Rj. 

I — X I — X 
= w 



I 2 



When the whole load has come on to the span then 
(Z — x) = a. 

Therefore shear at the head of load = — a\ 

Now the equation >S' = -^^ is of the form of the equation to a 

AL 

parabola. 

Hence, the maximum values of the shear stress at any points 
along the span from B to the head of the load are given by the 



tea 



a 



ordinates of a curve, which is a parabola, with equation S =■ 

Jul 

having its vertex at B and its maximum ordinate -^ at a distance 

AL 

a from the vertex. 

If the load move on beyond the point N to some point distant 
x' from A^ 

the shear at ^ = E^ = -,- (' ~ ^' "" o) 



= ica — 



wax^ wc? 



I 2V 

and the curve of maximum shear stresses, as the load continues 
to advance, becomes a straight line, tangential to the parabola. 
Hence a diagram can be drawn for the above load. 

Now if the train or load completely covers the bridge {i,e., a = I, 
or is greater than l), which is the usual case, the equation becomes : 

_ wP 
'^ - "2T 

wl 

"~ 2* 

M 2 
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Hence to draw the diagram of maximum shearing stresses for 

a long uniform load advancing on to a span, lay off at A and B 

id 
ordinates = ^ , the one positive and upwards, and the other 

negative and downwards, and draw two half parabolae, having 
vertices at 13 and A, and passing through the two points found 
above respectively. 

Then the ordinate at any point will give the shear at that point 
when the advancing load reaches that point, or, in other words, 
will give the maximum shear that the moving load can produce 
at that point during its passage across the span. 



CHAPTER XII 

LOADS 

BRIDGE LOADS. 

All loads on beams or bridges may be divided into two main 
classes. 

(1) Dead loads which are gradually and steadily applied and 
remain constant. 

(2) Live loads which are either suddenly applied or vary in 
amount or point of application, or produce impact and vibration. 

DEAD LOADS. 

Dead loads are always known in magnitude and direction, and 
the stresses which they produce are easily calculable, and are 
constant. 

The principal dead load on a bridge is the weight of the 
bridge itself with the roadway, of whatever kind that may be. 

In designing a bridge of known width for any given span, to 
carry any given load, the approximate weight per foot run of the 
bridge can generally be obtained from some tables, or from data 
of a similar nature, with sufficient accuracy for inclusion in the 
calculations for the strength of the girders. 

This weight must of course be actually checked after the girder 
has been designed in the rough, and the design must be altered if 
there be any considerable discrepancy between the actual and 
the estimated weight. 

Tables of weights of girders are compiled for different engine 
loads, and for different types of girders and flooring, and are to 
be found in various pocket-books. 

American tables, such as are given in American pocket-books, 
are of little value for English practice, and are quite useless for 
single lines of development in new countries of various gauges. 
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All engineering offices of railway companies and steel manu- 
facturing works, however, have tables of the weights per foot of 
their usual tyj^es of girders and spans, which will prove very 
accurate when used for the rolling stock in use by that parti- 
cular company, etc. These tables sometimes separate the weight 
of the girders themselves over the clear span from that due to 
the portion over the bearings and that due to the floor or decking. 
But as a rule the decking or floor should be estimated separately, 
as this can be done with considerable accuracy at the outset. 

Table XIII. gives the weight of plate girders for usual English 
practice. 

So far, therefore, as raiiw^ay bridges are concerned, the dead 
load presents no great difficulties beyond the accurate compu- 
tation of the exact weight of the whole girder after the design 
is complete, as a check or correction of the original assumptions 
either from tables or experience. 

For road bridges the matter is not so easy. Tables do not 
exist of a reliable nature, owing to the fact that the loads that 
road bridges have to carry vary so tremendously. 

The weight of the floor of the bridge and the superimposed 
roadway must first be found in detail as accurately as possible 
from any ordinary tables of weights of brickwork, etc., similar to 
Table XVIII. in this book, and must be added to the live load for 
which the girders are to be designed. 

The actual weight of the girders may then be obtainable 
roughly from makers' tables, but the accurate assessment of the 
weight of road bridges can only be obtained in practice by trial 
and error, which though a tedious process is not difficult, and 
must be gone through. 

LIVE LOADS. 

Live loads produce greater stresses than those directly due to 
their own weight or magnitude. The actual amount of extra stress 
is indeterminate, and depends on a variety of things. In the 
first place the effect of live loads on main girders of a bridge is 
quite different to those on the floor members which are more 
directly in contact with the moving load. 

Also the position of the main girders is in the main parallel 
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to the direction of motion of the loads, while the floor members 
are generally at right angles to the direction of motion. This 
matter of position is an important one, affecting greatly the 
effect of the load on the structure. 

The effect of a live load is also, generally speaking, reduced 
or lessened by transmission, so that if a load imparts impact 
to one member through another member, the effect is reduced 
thereby. 

This is not always true of vibration, which must depend largely 
on the rigidity, tuning, fixing, and other qualities of the 
members. 

The same applies not only to bridge floors, but also to all 
structures; direct impact is always greatest, and transmitted 
impact is always lessened. 

We must, therefore, separate the consideration of main girders 
in bridges from that of cross girders and other members of a 
bridge floor, and we shall deal with the former first. 

There are, broadly speaking, two ways of allowing for the 
extra effect, impact, and blows caused by live loads, and those 
for main girders in bridges will be considered first. 

LIVE LOADS ON MAIN GIRDERS. 

The two methods of correction are — 

(a) To allow a very reduced working stress in the material of 
• which the beam or girder is made, and to add no percentage to the 

actual load. 

(b) To add a percentage to the actual load, obtaining the 
equivalent dead load, and to allow the full safe working stress of 
the material. 

(a) This is the American practice. The live load is treated as 
dead load, and the following reduced values are allowed for **./',*' 
or stress per square inch : — 

For Steel. 

4J tons per square inch for spans ... up to 20 feet. 
6 tons per square inch „ from 20 feet to 80 feet. 

5 J tons ,, ,, ,, from 30 feet to 80 feet. 
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For Iron. 

Stresses are 20 per cent. less. 

It will be noticed that the span is an important factor. 

(b) This is the English practice. 

The stresses allowed are : — 

7 tons per square inch in steel, 

5 „ „ „ iron, 

for all spans, and a percentage is added to the live load to obtain 
the load which is used for calculation. 

This load after the percentage has been added to it is called 
the "equivalent dead load," and it can be used for purposes 
of calculation as if it were a dead load. 

The percentage for live load must of necessity vary for different 
kinds of loads and bridges, and also for other different structures. 

Deflection. — In calculating deflection by the formula A =— *— , 

the full value of /, i,e., 7 tons per square inch, must be given. The 
correction of live load by using a reduced value of /, viz., 4J 
tons, implies that vibration and impact may actually cause the 
intensity of stress in the member to rise as high as 7 tons per 
square inch, and it is the maximum deflection under such loading 
that is required to be found. 

This present book deals mainly with two kinds of structures, 
namely, " Koad Bridges *' and " Railway Bridges." 

Road bridges have to carry slowly moving loads subject possibly 
to much oscillation, and causing great impact due to the road 
surface. 

Railway bridges, on the other hand, have high speed loads to 
contend with but not so much impact, due to the even nature of 
the permanent way. 

LIVE LOADS ON RAILWAY BRIDGES. 

Railway bridges are subject mainly to violent loads, but in 
dealing with them we have an advantage over other types of 
bridges, since the load is always of the same nature, running on 
a well-laid permanent way, and fixed to a definite position on the 
bridge, generally about half-way between the two girders of the 
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bridge. The well-laid permanent way is the main factor, 
enabling the live load percentage or the resulting equivalent dead 
load to be kept low. 

It has been found by experiment that trains crossing a bridge 
can produce 20 per cent, more deflection in the girders than the 
same dead stationary load does. This is not an exact measure, 
but a fair indication, of the increased effect of live loads. 

The effect of speed is considerable since the energy of moving 
loads varies as the square of the velocity. Badly-laid track 
causes blows and impacts of great violence on the bridge, floor, 
and cross girders, which are transferred of course to the main 
girders. Also the slight deflection of the rails or rail-bearers 
has the same effect. 

The rhythmical oscillation of badly-balanced machinery in 
engines is also an important factor. 

All these forces must be allowed for in some way when calcu- 
lating any beam or girder. 

The accurate analysis of the stresses produced by live loads 
is practically impossible. 

Although the effect due to live loads is very great on small 
spans, on large spans this effect decreases, and on spans of 250 
feet and over it is almost negligible, the load being treated as 
dead without any percentage addition. 

The reason for this is not definitely known, but is probably 
as follows : — 

Any girder or beam under a live load, pulsating at regular 
intervals, is put into a state of vibration or sway. 

The natural period of its vibration, and of that of the moving 
load, may synchronise, in which case the amplitude may increase 
to a very dangerous degree; but like a rod or string the girder, 
if fairly long, may sub -divide itself into nodes and loops ; and 
the greater the span the more subsidiary vibrations are set up 
all tending to neutralise each other. 

In conclusion, to allow for the effect of live loads a percentage 
is added to the actual load in order to obtain the equivalent 
dead load. These percentages for different spans are given in 
Table XIV. At the same time every possible precaution should 
be taken to ensin-e good track on all bridges. 
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SELECTION OF LOADS ON RAILWAY BRIDGES. 

The load usually consists of two or more of the heaviest 
engines running on the line coupled together. 

In practice, not more than two such may be expected, but 
the custom is to allow for more, if the bridge span be long 
enough to take them. 

It is not necessarily the heaviest engine and tender that will 
produce the greatest M^ in the cross girders and flooring, but 
it is nearly always the heaviest that will have to be considered 
in regard to the main bridge girders or ** beams," unless the 
span be very short. In this latter case, the heaviest axle may 
be the governing factor. 

When a bridge is designed for a double line, a train of engines 
must be allowed for on both tracks at one time. 

The tendency of modern locomotive design is to increase 
their weight. 

For this reason the engineer is rather at a disadvantage in 
trying to design a bridge which will suit a future generation. 
120 tons is not excessive for the weight of engines to-day, and 
140- and 150-ton engines are being tried. Large express engines 
have long tenders ; it is, therefore, possible that a string of tank 
engines, not quite so heavy in gross weight, may produce a 
greater M^ on a bridge span than a row of heavier engines 
with tenders. The engine or row of engines producing greatest 
Ms on any given span must, therefore, be selected for calcula- 
tion for each railway line or system. 

EQUIVALENT UNIFORM DISTRIBUTED LOAD. 

Sometimes, for sake of convenience, an equivalent distributed 
load of so many tons per foot run of span is used for calculating 
the Mji on bridges. 

This is such a load per foot run, that if it were applied all 
along the span, it would produce stresses in the girders equal 
to those actually produced by the heaviest engines on the 
line. 

It varies for different spans, and is given in Table XVI. for all 
heavy modern engines, on a 4 foot 8J-incli gauge. 
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It is not accurate for spans under 30 feet, but is very nearly so 
for all spans of 30 feet and over. 

It is of course only used for the design of main girders, since 
the flooring of the bridge, running transversely to the bridge, 
i.e., at right angles to the main girders, is dependent on the 
maximum " axle '* loads of engines. 

This equivalent distributed load is obtained from the actual 
Max, Ms produced by the heaviest engines, coupled together, 
which is found by the method of actual wheel loads. 

Thus in Fig. 177, the diagram AaaaaaaBis the Maj\ M^ 
diagram for a given engine, and a parabola has been circum- 
scribed round it. 

The maximum ordinate can be measured, and is found to be 
690 foot-tons. 

Now let w be the load per foot run, which would produce such 
a Max, Mb if uniformly spread over the span AB (60 feet). 

Then Max, Mb = -'- foot-tons = 690 foot- tons. 

therefore w = ^^^-^^t 

60 X 60 

= 1*54 tons per foot run. 

This would be the equivalent uniform distributed load for this 
span. 

In this particular example tlie engine is not the heaviest type, 
nor does it quite cover the span, so that the result is not the 
maximum for the span. 

But if the heaviest engines were selected and were coupled 
close together in the most unfavourable position on the span, then 
the value of ic obtained would be the equivalent uniform distributed 
load for that span, corresponding with the figure in Table XYI. 

This equivalent uniform load will not give quite the same 
diagram of maximum shear stresses as the actual wheel loads 
would, but the divergence is not great. Table XVIL gives the 
uniform equivalent loads for metre gauge and 5 feet 6 inches. 

LIVE LOADS ON ROAD BRIDGES. 
Live loads may be of all degrees of violence on road bridges, 
and vary from quiet loads to very violent loads. 
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It is by no means so easy to arrange a suitable percentage for 
correcting these as is the case for railway bridges. 

PERCENTAGE ADDITION FOR MAIN GIRDERS. 

It is not possible to lay down any very definite rules for this 
percentage correction, since each case is usually so different from 
all others; the matter must therefore depend largely on the 
individual judgment of the engineer. 

It is necessary to separate the correction for live load for main 
girders and for floors here, as in the case of railway bridges ; 
main girders will be considered first. 

As in the case of railway bridges, the span is a very important 
factor and the percentage decreases as the span increases. 

Table XV. shows the percentages advocated as a general guide 
for addition to loads in calculating main girders. 

These apply to a good road surface such as good macadam, 
asphalte, wood block, or other smooth hard surface. They do not 
apply to setts or other laid stone surface. 

The material of the road surface itself absorbs a great deal of 
the shock and does not assist the transmission of vibration at all 
well. 

It will also be found that in road bridges the dead load due to 
the weight of the bridge itself and the roadway, etc., is much 
larger than in the case of railway bridges ; and the greater the 
inert dead load in comparison to the live load, the less correction 
is required to compensate for shock, etc. 

Further, comparing road loads with railway loads, there is no 
regular pulse or beat about the blows which the loads strike the 
road, as in the case of railway loads. Engines have a regular 
period to their vibration, and all the rolling stock strike the rail 
ends at a regular interval ; but in the present case there is no 
rhythm or time period about the blows, and the vibration induced 
thereby is consequently much less. 

On the other hand, there are no smooth rails to carry the 
traffic ; engineers may do what they will, but bad places in roads 
are bound to occur, and these cause impact. The observed effect 
on road bridges is just as great as on railway bridges. 

The percentages given in Table XY. are not by any means 
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intended as anything more than a general guide. They are all 
on the safe side and there will be many cases where they might 
with advantage be reduced. 

NATURE OF LOADS ON EOAD BRIDGES. 

Pathway Loads. People. — These weigh 60 to 80 lbs. per 
square foot. 

These need not be taken into consideration on the actual road- 
way of the bridge. 

Table XIX. gives the corrected loads for a few cases of floor 
loads. 

Road Loads. Vehicles. — These consist of carts, drays, heavy 
wagons, timber long wagons, guns, etc., etc. 

They do not weigh as much as steam or motor vehicles and so 
may be neglected as a rule. 

Steam Traction Engines^ Loiries, etc. — The Lion type tractor is 
about the heaviest type to be considered ; it outweighs all other 
forms of traction, e.g,j lorries, commercial vans, etc. (vide 
Table XX.). 

Tractors may weigh as much as 19 tons in all when loaded, but 
14 tons on the back axle is quite common, with 2^ tons on the 
front axle, making 16J tons in all. 

The back axle of a traction engine is generally the ruling load 
for all road bridge floors. 

Bridges are not usually designed for very heavy ordnance, and 
all guns mounted on travelling carriages weigh less than the 
back axle of a traction engine. 

Tram Cars. — If the bridge under consideration is anywhere 
near a town where developments may be reasonably expected, 
. tram cars should be allowed for. The weights of these are 
tabulated in Table XX. 

DISTRIBUTION OF LOAD. 

When the bridge is wide enough for two streams of traflSc two 
streams must be allowed for, and if it be wide enough for three 
or four these must be allowed for. 

As a rule, the floor of a road bridge transmits the load to thQ 
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main girders at many points, since the Hoor rests upon the main 
girders at many points. 

Thus the load when transmitted is nearly a uniformly distri- 
buted load. 

For main girders, therefore, it will suffice to arrive at a load 
which may be considered as being distributed along the span. 
For this the bridge must be supposed to be covered with traffic 
on all the traffic streams that are possible, and a load per foot 
run must be worked out. 

It is not possible to lay down exactly what vehicles must be 
supposed to be on the bridge at one time. This is a matter of 
local circumstance. Town bridges and country bridges are not 
the same thing. A string of traction engines on both sides of a 
road would be too heavy. 

A string of commercial lorries or a train of one traction 
engine and two loaded trucks would be suitable to distribute over 
the bridge. The total load should then be divided up by the 
number of feet span and a load per foot run be obtained. 

It must be remembered that road vehicles do not travel fast, and 
that consequently their effect on the floor is not so great. At the 
same time the road surface is a very important thing. Everything 
possible should be done to keep this in first class order at all times. 

A bad road surface causes most terrible blows and impact, and 
its effect cannot be exaggerated. 

LOADS ON FLOORS OF BRIDGES. 

So far the effect of live load has only been considered with 
regard to main girders, or beams, or similar members. Now the 
effect of live loads on floors is a different thing, being much 
greater than on the main girders, and at the same time much 
more difficult to determine. 

RAILWAY BRIDGE FLOORS. 

In the case of railway bridges, rails deflect between sleepers 
under the advancing load, and as the load reaches the sleeper, 
where no deflection is possible, it strikes a decided blow at that 
point, upon the floor. 
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In the same way rail bearers or road bearers running longitu- 
dinally with the bridge, deflect slightly, and when the load above 
them comes over a point of support under the bearer, where no 
deflection is possible, it strikes a decided blow on the support, 
whatever it may be. This support is generally a cross girder, 
which spans from one main girder to the other. The cross 
girder, therefore, receives a violent blow as the load reaches it. 

Hence it is usual to allow a percentage of 100 per cent, 
on all live loads passing over members at right angles to the 
direction of motion, in the floors of a railway bridge. 

The methods in which this percentage is applied to floor 
members are two. 

Either the percentage may be added to the load and the usual 
value of "/" may be taken in calculating, or a reduced value 
of **/" may be introduced and no addition be made to the 
load. 

It is the customary practice to talie / as being 4| tons per 
square inch for floor members. This is the same as an addition 
of 100 per cent., since this covers the dead load as well as the 
live load. 

Tables XIV. and XV. of percentage additions to live loads do 
not, therefore, apply to floor loads. 

When this reduced value of "/'* is taken, as is the usual 
practice, reduced values of '*/" must also be taken for the other 
constants, viz., rivets, etc. 

The constants adopted are : — 

Shearing 4*8 tons per square inch. 

Bearing 6*4 tons per square inch. 

These same constants apply also to the floor members 
themselves. 

EOAD BEIDGE FLOOKS. 

Live loads, — This matter is more diflBcult than the floors of 
railway bridges. 

In considering the addition to live load for floor stresses, 
several factors have to be taken into consideration. 

In the first place it is unusual for a long span bridge to have 
only two main girders ; a number of girders or ribs of compara- 
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tively small depth are frequently used, and hence the floor joists, 
transverse to the bridge, will have a very small span, and will be 
firmly fixed at such frequent intervals as to be rigid and incapable 
of great vibration. 

Distribution of load. — The material of which the road surface 
is made is such as to greatly distribute the weight. 

The weight may be taken as distributed through a cone of the 
material under it, having its apex at the point where the load is 
resting and an apex angle of 90^. 

If the road metal is thick, then this cone will cover a com- 
paratively large area of the rigid floor, or other member below it. 

This cone of dispersion should always be considered. It is 
the standard method in considering distribution in reinforced 
concrete floors, etc. 

From this it will be seen that if the cone of dispersion only 
covers one trough of a trough floor (Fig. 250), the load must 
be assumed to be borne entirely by this one trough. 

Again, the material of the road itself absorbs a great deal of 
the shock, in' some cases, and does not assist in the transmission 
of the vibration. 

Percentage addition. — It is clear that there is no need for such 
a large addition as 100 per cent., as is given to cross girder loads 
in railway bridges. 

The impact due to the slow moving load is not at all the same. 

It is difficult to lay down any definite rules ; but this may be 
said with certainty, that where a proper road is laid upon the 
bridge, such as a concrete foundation, and macadam on top, or 
asphalte or wood block paving, the live load corrections for the 
floor members need not be much more than for the main 
girders. 

An extra 15 per cent, added to the percentages given in 
Table XV. for main girders should always suffice. 

The following points should be borne in mind in designing : — 

The better the road surface the less the impact will be. 

Cobbles and setts, frequently laid beside tram lines, are to be 
avoided. 

Multiple ribs under a bridge minimise the vibration in cross 
girders. 
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The deeper the road formation and metal over the steel floor 
members, the greater the distribution of load and impact. 

It will be found in road bridges that the dead load is very 
large compared to the live load, and this is more so the greater 
the span of the bridge. 

In this case it would not be fair to use a reduced value of / for 
calculations, as this would be correcting the dead load as well as 
the live load. 

This is not a matter of any serious importance in railway 
bridges, where the floor is light, and all the extra dead load due 
to long spans is in the main girders. 

LOADS FOR FLOORS. 

These have been enumerated in the earlier part of this 
chapter. 

Floors are governed by the heaviest axle loads, as in the case 
of railway floors. 

It must be remembered that the load is not confined to one 
part of the floor, as it is in the case of railway bridges by the 
rails, but may occur anywhere. 

A pair of heavy wheels will not produce the greatest Mg when 
placed at the middle of a cross girder, but when slightly to one 
side of the middle, so that the centre point of the cross girder 
bisects the distance between one wheel and the c. g. of the two. 

The cross girders in a road bridge will generally be spaced 
so close together as to preclude any weight being brought on 
to one cross girder by other axles than the one immediately 
above it. 
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CHAPTER XIII 



PLATE GIRDERS 

A PLATE girder is the simplest and most common form of girder 
in use for bridges, between spans of 20 and 60 feet. It is similar 
in general shape to an I section beam, but being too large to be 

rolled whole in the mills, is built up in different 
parts (Fig. 197). 

The plates ah and cd, either single or multiple, 
compose the top and bottom flanges, taking 
the compressive and the tensile stresses in the 
girder. 

They are joined together by a web plate ej\ 
which may be very thin, and only serves to resist 
shearing stress ; i.e,, it unites the top and bottom 
flanges and prevents them moving with regard 
to one another. 

The top and bottom plates are joined to the 
web by angle steels, g, g, which are riveted to 
both the flanges and the web, and which are included in the 
cross sectional area of the top and bottom flanges, which are 
utilised for resisting compression and tension. 




Fig. 197. 



SIMPLE PRINCIPLES OF DESIGN. 

In designing a plate girder for any particular case, it is necessary 
to select the plates composing the top and bottom flanges, and to 
fix upon the depth of the beam, so as to give exactly the moment 
of resistance required. After due consideration of the loads to be 
borne, including the dead weight of the bridge, and percentage 
for live load, a Max. Mji diagram should be drawn for these 
conditions. 

The ilfu at each point must then be made equal to the M^ at 
each point as shown on this diagram. 

The shearing stress diagram must also be drawn and the 
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depth of the girder and thickneas of the web must be made 
sufficienl; to resist this shearing. 

The Mb and Mr will be dealt with first. 

The formula usually employed for plate girders on account of 
its simplicity is Mr =f(ul = M^. 

"/*' naay be taken as 7 tons per square inch for steel, either 
in compression or tension. 

" ci *' is the effective depth of the girder, and may be altered to 
suit each case at will. 

It is usually measured from the top of the upper angle steel 
to the bottom of the lower angle steel, or in other words is the 
same as the depth of the web plate. 

It is generally kept constant throughout the girder. 

If it is varied it produces a girder with either a curved upper 
flange or a curved lower flange. 

It is generally confined within narrow limits by the circum- 
stances of the particular case. 

" a '* is the flange area or effective section of the flange. This is 
another variable and is that which is most useful to the designer 
in increasing or decreasing the Mr of the girder as required. 

This factor " ^/," as has been shown, is really the equivalent area 
of the portion of the girder above or below the neutral axis ; and 
since the bulk of the cross-section of the flanges is concentrated 
as near the top and bottom edges of the girder and as far from 
the neutral axis as possible, their equivalent area is practically 
equal to their actual effective area ; i.e., they will to all practical 
purposes be stressed all over to the maximum intensity of/, all 
fibres being considered as "extreme fibres." 

In order to be on the safe side in the above assumption any 
tensile or compressive stress exerted by the web is ignored, the 
web being considered as resisting shear stresses only. 

In Fig. 197 the shaded portion represents *' a," which is taken 
as the actual flange area, on the assumption given above. 

Rivet holes must of course be deducted. 

GENERAL DIMENSIONS AND PRACTICE. 

Parallel Girders. — A parallel girder is one in which the top and 
bottom flanges are straight, and parallel to one another. 

N 2 
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This is the commonest type of construction. 

Effective Depth. — The depth " d " is usually ^^j to ^ of the 
span in plate girders. 

Flanges. — The flanges are generally made ^ to ^ of the span 
in width. They vary between 12 inches and 21 inches, rarely 
more, with a single web. The width is constant throughout the 
girder. They are built up of one or more plates, and angle steels 
or tees, riveted together, the latter serving as connections 
between the flange plates and web plate. 

Standards. — In designing any flange, standard sizes must be 
adhered to. These are laid down by the British Standards 
Committee. Other sizes can of course be obtained, but are not 
generally kept in stock by makers. Any variations lead to 
expense. 

It is also desirable for the sake of economy to keep to one size of 
rivet throughout the work, one pitch of rivets, one section of L 
and T steels, or as few such sizes as possible, and also to keep the 
girders symmetrical end for end. 

Where the girders are placed on a skew, it may be desirable to 
make one end of one main girder different to the other, but the 
other main girder should be similar to it throughout end for end. 

Diviensions. — All dimensions of any girder should be decided 
with reference to the pitch of the rivets, so that joints, etc., will 
fall in with the pitch of rivets without having to alter the 
latter. 

Board of Trade Regulations. — The Board of Trade Regulations 
lay down the amount of clearance required all round railway 
rolling stock, so that this and the gauge decide the width of the 
bridge (Chap. XVI.). 

Camber. — i inch in 20 feet is usually given to all main girders. 
This does not affect the design, except in so far as that the 
camber is stated in the specification by the designer, but it is not 
shown in the drawings, and its execution is left with the makers, 
who arrange to give the required camber during the operation 
of plating. 

Bearings. — ^All girders are made longer than the clear span 
which they have to bridge, so as to obtain a good bearing at the 
ends on the abutments. 
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This bearing should hardly ever be less than 2 feet 6 inches, 
along the centre line- of the girder, and is more usually 3 feet 
for spans of 20 feet to 75 feet. 

Effective Span, — The span for calculation is always taken as 
the distance from centre to centre of bearings, i.e, if a girder over 
a clear span of 75 feet has a bearing of 8 feet at each abutment, 
the theoretical span is 78 feet. 

This span is called the efifective span. 

Example. 

To design a pair of plate girders for a railway bridge to 
carry a single line of railway with all ordinary rolling stock, 
over a clear span of 32 feet. 

A typical engine is shown in Fig. 198. Gauge, 4 feet 8J 
inches. 

This is a small span, and the girders will be made parallel, 

Toeal Weight /07 t^rtji. 

i 9 (i) (T) (t) CD CD (f) rf) 1 

S 7 6 d 4 3 2/ 

Fig. 198. 

t.«., having the top and bottom flanges parallel to one another, 
and thus " d '' will remain constant throughout their length. 

The completed design is shown in Plate III. 

A bearing of 2 feet 6j inches will be given at the ends of 
the girders, making the total length of the girders 82 feet -|- 
5 feet 1 inch or 37 feet 1 inch, and the theoretical span = 84 feet 
&\ inches, or, say, 34 feet 6 inches. 

(Note. — The \ inch odd amount in the length of the bearing 
is introduced by the thickness of the end plate of the girder.) 

The two girders will be identical with one another in all 
respects. 

Depth, — The depth " d " will be made about ^ of the span, 
viz., 3 feet. 

This is the actual depth of the web plate. 

Width of Floor, — The next consideration is the total width 
of floor between the two girders. 
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This is governed by the gauge and also by Board of Trade 
regulations. These regulations lay down that no standiug 
work projecting more than 2 feet above the level of the rails 
is to be nearer than 2 feet to the side of a railway carriage, 
making the total width between girders 13 feet 2 inches ; ride 
p. 264. 

In the present case the girders will be less than 2 feet 
above rail level, and they consequently may be allowed as close 
as 4 feet 7 inches to the centre of the track. This would give 
a total width of 9 feet 2 inches between girders, or 9 feet 
2 inches + 1 foot 4 inches between centres of girders. 

This is rather narrow, however, for a single track bridge, 
and would allow no room for fixing and bracing handrails on 
top of the girders. 

If we allow 12 feet 4 inches between centres of girders, 

this will give 13 feet 8 inches between 
|: oLns ; sLns j handrails and plenty of room (Fig. 

!! ; i ; i 199). 

|(«-.j'.,,^_^/.j,^».^^.^«j Live Load. — The load for this span 
I sec^n.. I might be worked out for the engine shown 

I in Fig. 198, by the graphic method for 
separate wheel loads ; but for ordinary^ 
rolling stock on the 4 feet 8^ inch gauge, Table XVI. of Uniform 
Equivalent Loads is very accurate and will here be used. 

This Table gives an equivalent load of 3 tons per foot run for 
a span of 34 feet 6 inches approx., or : — 

W = 103*5 tons on the span, 
= 51*75 tons on each girder. 
This is live load, and must be corrected ];y the addition of a 
percentage. 

Table XIV. gives 15 per cent, addition for this span, hence the 
equivalent dead load for this span = 59*51 tons. 
Dead Load. — This consists of 

(a) The weight of the flooring. 

(b) The weight of the permanent way. 

(c) The weight of the girders themselves. 

In this case the flooring is to be composed of steel troughjng 
placed transversely to the bridge ; the ends of the troughs rost 
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on the top of cho inner portion of the lower flange of the 
girders. 

The troughs are riveted together side by side. No ballast is 
used. 

On top of the troughs are placed longitudinal sleepers of 
8-inch X 12-inch timber, on their flat, and on these rest the 
rails. 

The calculations and details of this floor are worked out in 
example on p. 171. 

(a) The troughing selected for the floor is 2 feet wide X 
9f inches deep, and weighs 35 lbs. per foot super. 

Hence the weight of the troughing on one girder is : — 
= 1^ feet 4 inches ^ ^^ ^^^^ g .^^^^^^ ^ g^ j^^ ^ ^.^ ^^^^ 

(b) The weight of the permanent way and longitudinal 
sleepers may be taken as 1*5 cwt. per foot run of track. 

Hence the weight on one girder 

34 feet 6 inches _ - ^ , 
= rt ^ 1'^ cwts. 

= 1*3 tons. 

(c) It is necessary to add the actual weight of the girders 
themselves ; this may be estimated at 4 tons for each girder. 

Hence W, or total load on one girder 

= 68-11 tons. 

Wl 
Now the Max. Mb = -rr- 

o 

= -t: — X 34 feet 6 inches X 12 inch-tons 
o 

= 3524-7 inch-tons. 

Therefore we plot a parabola on a base of 34 feet 6 inches 
having a central vertical ordinate 8524*7 inch- tons (Fig. 200), and 
the ordinates of this parabola will represent the Max, Mg at 
every point of the girder. 

Shearing Stress, — The diagram of maximum shear stresses 
is also drawn at the same time. In Fig. 201 the ordinates Am 
and Bn are drawn, each equal to half the dead load, i.e., 

= J X 8*6 tons 
= 4*3 Ions. 
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Join mn. 

This is the diagram for the dead load. 

The diagram for the live load is a parabola, since the load is 



H ,sg- - 




considered as a uniformly distributed load, i.e., 8 tons per foot 
run. 

W 

Therefore make the ordinate Ab ^ -^ after the addition of 15 

per cent. 



59-51 



tons 



= 29-70 tons, 

and draw a parabola with vertex at B passing through b. 

Combine this with A m o n B. 

Similarly draw the negative shear diagram. 

Note. — The shearing stress diagram for the moving load 
represents the maximum shears produced on the span by the 
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load advancing across it. These are greater than what would be 
produced by the load merely standing still upon the span. 




Fig. 201. 



Now let us assume that the top and bottom flanges are each 
to consist of one plate 16 inches wide X | inch thick, connected 
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to the web by two angle steels 3J inches X 3^ inches X 
J inch. 

Refer to Plate III., in which the section of the girder is shown. 

The effective area or "a" for the two angles only, deducting 
two rivet holes, 1 inch diameter each, is : — 

= 2 X (3 J + 3 - 2) X J 

— o 

— ^ 

= 4J square inches. 
Therefore the Mr that these two angles will supply is 

Mr = fad 

= 7 X I X 36 

= 1,134 inch-tons. 

Now this Mr due to the two angle steels can be plotted on the 
Max. Mj} diagram in Fig. 200. 

Erect perpendiculars Ap and Bq each equal to 1,134 inch-tons 
on the same scale as that to which the Mr is drawn. 
Join pq. 

Then any ordinate of the diagram ApqB represents the Mr in 
the girder due to these angle steels. 

Similarly the area or " a " for the J-inch plate deducting rivet 
holes =fad 

= 7 X (16 - 4) X i X 36 
= 7 X 12 X i X 36 
= 1,512 inch-tons. 

Plot the Mr due to this plate on top of that due to the angle 
steels, viz., erect ordinates jUh a^^d qqi in Fig. 200, each equal to 
1,512 inch-tons. 

Join jhqi. 

These with the angle steels give a total Mr of 2,646 inch-tons 
throughout the girder. 

The diagram shows that this is enough for the ends of the 
girder, but is insufficient for the central portion. 

The points where the Mr diagram, or the line jhqu cuts the 
Mr parabola are 8 feet 4 inches on either side of the centre line 
of the span. 

Hence for 8 feet 4 inches on each side of the centre the Mr is 
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insufficient, and an extra plate 16 inches X f inch must be 
riveted on to the top and bottom flanges. 
This will increase " a." 
The effective area " a ** of this plate will be 

= (16 inches — 4 inches) x f 
= 4'5 square inches, 
and its Mji = fad 

= 1,134 inch-tons. 
This gives a total Mr of 3,780 inch-tons at the centre which is 
well in excess of the Max. M^ on the span. 
This is plotted in Fig. 200. 

THE WEB. 

The web is to be 36 inches deep and will be made of }-inch plate. 

In practice f inch is the minimum thickness permissible in 
this size of girder, as such plates and thinner are liable to buckle, 
and require too much stiffening. 

They also prove deficient in bearing area for riveting. 

The most usual practice is to use j-inch plate. 

Rivets, — Assume that, in conformity with general practice, the 
pitch of rivets is to be 4 inches from centre to centre, or three 
rivets per foot run, and that they are ^ inch in diameter near the 
ends of the girder. 

These will require a hole ^ inch in diameter, which may be 
considered as 1 inch diameter for calculation, since the drilling 
processes tend to damage the metal round the edges of the 
hole. 

Now it isnecessary to have four rows of rivets along the top and 
bottom flange plates, where there are two plates together, for 
although two rows of rivets are sufficient to connect these plates to 
the angle steels, two more rows outside these are necessary to keep 
the two plates together in intimate contact with one another, so as 
to prevent the ingress of water between them, etc., and consequent 
rust, and in fact to make them act as one plate. They are also 
strengthenedagainstbuckling, when in compression, by being firmly 
fixed together. 

It is now necessary to test the J-inch rivets, spaced 4 inches 
apart, in order to see whether they are strong enough to connect 
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the flange plates to the angles and the angles to the web plate, 
i.e., to resist horizontal shearing stress. 

We know that the intensity of the horizontal shear is equal 
to the intensity of the vertical shear at any point. 

The values of maximum horizontal shear that can occur in the 
girder at every point can therefore be obtained from the shearing 
stress diagram. 

These horizontal stresses are considered positive or negative in 
a similar manner to the vertical stresses, according to whether 
they are acting from left to right or from right to left in the 
girder. 

It should be remembered that the vertical and horizontal 
shears are both components of the real diagonal shear which is 
acting upwards at an angle of 45° to the horizontal, and is con- 
sidered positive or negative according to whether it acts upwards 
from left to right or upwards from right to left, i.e., whether it is 
in the first and third, or second and fourth quadrants, considered 
from horizontal and vertical axis with an origin at the point at 
which it is acting. 

Refer to the shear stress diagram from which the maximum 
ordinate of shear is found to be 84*06 tons. 

This is not really acting at the end of the girder, since we have 
taken a theoretical span of 84 feet 6 inches for calculation instead 
of 87 feet 1 inch, but is 1 foot 3 inches from the end, viz., at a 
point immediately above the centre of the bearing of the girder, 
a point at which the reaction of the abutment may be taken as 
acting. 

This value, 84*06 tons, is the vertical component of the whole 
shear acting upwards at 45° towards the centre, and the hori- 
zontal component must be equal to the vertical component in 
intensity per foot run, or per inch run. 

Now the web plate is 86 inches deep, hence the 84*06 tons 
of vertical shear are spread over 8 feet of vertical web plate, 
or in other words there are 84*06 -r- 8 tons, or 11*35 tons of vertical 
shear per foot run of web plate, on a vertical section through the 
web. 

This may also be expressed by saying that the intensity of 
vertical shear at the point is = 11*36 tons per foot run. The 
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horizontal shear at this same point must therefore also be 11'85 
tons per foot run. 

Now consider the shear at another point 3 feet further along 
the girder towards the centre. 

Here the shear stress is 28*31 tons or 9*44 tons per foot run. 

Therefore the average intensity of shear between these two 
points is 10'39 tons per foot run. 

Let n be the number of rivets required ^>er foot run to resist 
shearing due to this stress. 

Then n X ir (j\f x 6-5 = 10-39 
. • . n = 3 rivets. 

Again, let n be the number required to resist bearing stress. 
The weakest point in bearing is where the |-inch rivets bear 
against the ^-inch web plate. 

Hence n X J-inch X J-inch X 8 tons = 10-39 
. • . ?i = 3 rivets. 

Therefore the 4-inch pitch, giving three rivets per foot run, will 
suffice, and what is sufficient near the abutment is of course 
sufficient near the centre, where the shear stress is less. 

It would not be worth while on account of reduced shearing 
stress to make any alteration of the pitch of rivets near the centre. 

The vertical shear is unimportant here. 

However, the web plate must of course be able to resist it, 
i.e.f it must have a sufficiently large vertical cross-section to 
prevent being sheared across by the vertical shearing stress. 

The vertical cross-section of the web plate allowing for rivets 
4 inches apart is 

(36 inches - 9 inches) X i square inch which will take a 
shearing stress 

= (36 - 9) X J X 6-5 tons 
= 88 tons, which is ample. 

The web plate might be made thinner if it were not for the 
bearing area required for the rivets. 

The arrangement of rivets near the ends of plate girders is 
a very common trouble ; it frequently occurs that either the 
pitch has to be reduced to less than 4 inches, or that the 
diameter of the rivets has to be increased for a certain distance 
from both girder ends. 
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If this is done both ends of the girder should be made alike, 
and the pitch or diameter of rivets should change at a sti£fener. 

JOINTS. 

The question of joints in plates must now be considered. 

The flange plates selected are 16 inches wide and 36 feet 1 inch 
long by J inch thick. 

Table XXIII. gives the maximum sizes to which plates can be 
rolled in the usual course at the foundry. 

It will be found that the flange plates can be obtained in one 
piece. The same applies to the ^-inch extra plate on the central 
portion of the girder, and also to the web plate. There need 
therefore be no joints. 

But in order to illustrate the principles involved in making 
joints in plates, one joint will be made in the centre of the 
^-inch plate in the upper flange, and two joints in the web plate. 

Joint in the Centre of Upper Flange. — The actual joint of the 
plates is a plain butt joint, and must be made to occur half- 
way between two rivets, i.e., at the exact centre of the span. 

On no account should the pitch of rivets be disturbed by the 
joint, but the joint must be made to fit in with the rivets. 

This joint will necessitate a plain single cover plate, riveted 
on the top of the upper flange, above the extra | -inch plate which 
is added to the flange over its middle. 

The J-inch plate of the top flange will be in compression, and 
its fibres will be fully stressed at 7 tons per square inch. 

The net cross-section of the upper plate has been found to be 
(16 inches — 4 inches) X J inch. 

= 6 square inches. 

Hence the total stress in the top plate is 

= fa 

= 7X6 tons 
= 42 tons. 

The cover plate must be able to carry this and transfer it from 
one side of the joint to the other. 

The rivets also must be able to do the same. 

A piece of plate 16 inches by i inch with four rivet holes will 
have the same net section as the flange plate and will suffice. 
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Now let n be the number of rivets required on each side of 
the joint to connect the cover to the flange plate. 

The rivets are to be |-inch rivets. 

The safe resistance to shear for rivets is 6*5 tons per square inch. 

Therefore n X tt (^)« x 6-5 = 42 
. • . ?i = 10-74 
n = 11 rivets. 

As there are four rows of rivets across the flange, i,e.y four 
rivets in a line at right angles to the flange, a multiple of 4 must 
be taken and 12 rivets will therefore be used. 

Now test these for bearing : 

The safe resistance to bearing is 8 tons per square inch. 

Let n equal number of rivets required. 

Then the resistance to bearing of the rivets in the ^-inch plate 

is : 

=nX|XiX8 

.•.nX|XjX8 = 42 tons 

. • . n = 12 rivets (nearly). 

Therefore 12 rivets will suffice. 

This determines the length of the cover plates (Plate III.), 

in which all the joints are shown. 

The end of the cover plate must fall half-way between two rows 

of rivets, and is made square. 

Therefore, half the length of the cover plate measuring from 

the joint to the extreme edge of the plate, 

= 2 inches + (three rows of rivets) + 2 inches 

= 2 inches + 8 inches + 2 inches 

= 12 inches. 

Therefore the cover plate is 24 inches long. 

The rivets on the top flange are of course carried right through 

from the angle steels underneath to the cover plate on the top of 

the flange. 

JOINT IN THE WEB PLATE. 

A joint will be made 5 feet on either side of the centre of the 
span, where a stiffener of two angle steels occurs. This joint 
will belmade of two cover plates one on either side of the web, of 
}-inch plate. 
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These cover plates will have to resist vertical she^r and transmit 
it from one side of the joint to the other. The maximum vertical 
shear at a point 5 feet from the centre is: = 13*8 tons, 
measured from the shear stress diagram. This is spread over the 
whole vertical section of the web. It should be noted that the 
two J-inch cover plates are together stronger than the web plate ; 
two i-inch plates would be suflBcient in theory, but J-inch cover 
plates are used for convenience so as to bring their outer surface 
flush with that of the angles of the flange. 

We have now to find the number of rivets required for the 
joint. 

These rivets, being in double shear, will take If times the stress 
that they will in single shear, and it is obvious that they will 
be stronger in shearing than in bearing. 

To test for bearing the J-inch web plate must be considered. 

The bearing surface is : w X ] X i square inches, and allowing 
8 tons per square inch for resistance to bearing 

n X i inch X J inch X 8 = 13-8 tons. 
. • . n = 4 rivets. 

Now there are 12 rivets in the angle stiffeners on each side of 
the joint (rule drawings), and these will be sufficient for the web 
plate joint without any extra being added. 

The stiffeners are fixed outside the |-inch covers, the latter 
being in contact with the web plate. 

Extra Flange P/af^.— Referring to Fig. 200 it will be seen that 
the extra f -inch flange plate is required to resist M^ between the 
points A,fc, which are 8 feet 4 inches from the centre of the 
span. Now this centre plate must end half-way between two 
rivets, and the rivets are spaced 4 inches apart, starting 2 inches 
on either side of the centre. 

Therefore the position of any rivet is : — 

2 inches + n4 inches from the centre, and the end of the plate 
must therefore be :— 

2 inches + n4 inches + 2 inches on either side of the centre 
with a minimum of 8 feet 4 inches. 

Now 8 feet 4 inches would appear to suit these conditions, but 
the first rivet in the plate would only be 8 feet 2 inches from the 
centre, and this would be the effective length of the plate, since 

S.B. o 
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it could not be said to be doing any work outside the leading 
rivet. 

This is therefore cutting the length too fine, and it should be 
made 8 feet 4 inches + 4 inches or 8 feet 8 inches from the 
centre, or 17 feet 4 inches over all. 

Stiffeners.—StiSenerQ consist in practice of T steels, or angles 
singly or in pairs, placed vertically on either side of the web 
plate at suitable intervals along the girder, and riveted to the 
web plate and the flanges. Stiflfeners are sometimes made of T 
steels alone, having a very broad table compared to the stem of 
the T, and sometimes of two angles with a plate riveted in 
between them. The strength of the stiffener required depends 
on the depth and span of the girder, and is a matter for 
judgment. 

The sizes of angles or tees adopted are nearly always those 
which are in use in other parts of the bridge as well. 

This avoids having to use too many different sizes. 

Stiflfeners fit close up against the web of the girder through 
which they are riveted. 

A plain standard stiflfener is shown on extreme left of Plate IV., 
and consists of a T steel, butting on the inner surfaces of the 
flanges. 

The kink in it is formed hydraulically when the T is hot. 
This is useful for light girders with a narrow flange. 

A better stiflfener is that shown in Plate III., in which the 
T or angles are bent twice so as to pass diagonally clear of the 
flange angles and lie flat underneath the flange plates, to which 
they are riveted. 

In this example two different types have been used, viz., two 
angles, 3J inches X 3J inches X i inch, back to back, riveted 
together without any plate between them, and also two similar 
angles with a J-inch plate between them. This plate is carried 
out so as to have its edge flush with the edges of the top and 
bottom flanges of the girder. 

This latter arrangement is a " plate stiflfener," and is of course 
stronger than the plain stiflfener without the plate, giving greater 
support to the outside edge of the top or compression flange where 
it might be likely to buckle. 
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Spachuj of Stiffeners. — The best spacing of stiffeners is practi- 
cally indeterminate; in small girders up to 50-foot span, the 
spacing is always decided upon without any calculations, being 
based on practice. 

The end of the girder forms one stiflfener. 

Another, generally a plate stiflfener, is always placed above the 
bearing plate of the girder, standing over the abutment, and 
forming in conjunction with the end of the girder a sort of 
braced column or upright end to the girder. 

In this example the bearing is 2 feet 6^ inches, and the plate 
stiflfener has been placed 1 foot 6J inches from the end. 

This distance is governed to a certain extent by the pitch of 
the rivets and by the pitch of the floor troughing used. 

The flooring as a rule begins at this point, and the elevation in 
Plate III. shows one of the two angles of this stiflfener inside 
the girder shortened by '625 inches and finished on the lower 
flat of the troughing. 

If the bearing is longer (3 feet), and the girder is deep (4 feet), 
it may be desirable to have two stiflfeners over the bearing plate 
as well as the end plate of the girder, in order to strengthen the 
vertical action of the girder end. 

The spacing of the remaining stiflfeners is governed solely by 
practical experience. 

As a general rule : — 

(a) Stiflfeners are required closer together near the abutments 
where the shear is greatest than near the centre where the shear 
is less. 

(b) Stiffeners should hardly ever be further apart than the 
depth of the girder, and above the abutments should not bo 
further apart than half the depth. 

(c) The actual spacing depends partly on the spacing of the 
flooring, whether cross girders or troughing. 

(d) Deep girders require more stiflfening than shallow. 

In this example the stiffeners are B feet apart all through, with 
the exception of the centre portion, where there is one interval 
of 4 feet. 

The bottom ends of the stiffeners are turned over on to the 
troughing of the floor. 

o 2 
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Some of the stiflfeners are made plate stiflfeners in order to give 
rigidity to the girder and prevent it snaking or buckling, and to 
support the top flange which is in compression. 



GIRDER END. 

Ends of girders are of many kinds and shapes. 

Plain girders such as the one under consideration have only 
square or rounded ends. The latter are peculiar to small spans 
or the centre girder of a three girder bridge. They look neater 
than square ends, and are not so inconvenient to platelayers or 
pedestrians. 

There is little difference in the matter of cost, the latter being 
perhaps a little more expensive. 

Square ends are the simplest for handling. 

The flange plates are generaHy made the full length of the 
girder going from end to end. 

The flange angles and the web plate are usually slightly shorter, 
namely ^ inch in this example ; and a ^-inch end plate is fixed to 
the end of the web plate, fitting in between the top and bottom 
flange plates, and being secured by angle steels forming a half 
stiffener. The thickness of this plate is added on to the length 
of the girder, making the total length 37 feet 1 inch. If the 
girder were only 37 feet long, the vertical row of rivets nearest 
to the end would be very cramped for room. 

Pitch of Rivets.—The horizontal pitch of rivets has been 
altered from 4 inches to 3| inches for the end 1 foot 6 inches of 
the girder, i.e., between the end and the first stiffener. 

This could not be otherwise with a total length of girder of 
37 feet 1 inch and 2-foot troughing. 

It would not be convenient to have a rivet at the centre of 
the girder, since the fixing of the troughing necessitates a rivet 
2 inches each side of the centre line of the girder. This arrange- 
ment of rivets at the centre, carried along outwards, at a 4-inch 
pitch to the ends of the girder, would bring a rivet exactly at the 
girder ends, and the next 4 inches from the end. This would of 
course not do. 
We therefore alter the pitch for a distance of 1 foot (5 inches 
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from each end, and place the end four rivets 3J inches apart 
instead of 4 inches, thus saving 2 inches in all, and bringing the 
last rivet into the right place. 

BEARINGS. 

Two feet six and a-half inches has been allowed for bearing, 
including the J-inch end plate. Underneath this portion of the 
girder a bearing plate is fixed, viz., a plate 1 inch thick, and 
16 inches wide by 2 feet 6J inches long. 

It is riveted to the lower flange with countersunk rivets, so 
that their heads shall not project underneath, but be smooth and 
flush. 

This plate is called a ** bearing plate " and rests direct on the 
bedstone of the abutment. It is free to slide so as to allow for 
expansion and contraction of the girder. 

One end of the girder is, however, usually fixed, with two or 
four lewis bolts, passing through the lower flange and bearing 
plate and concreted into the bedstone. 

The troughing ends in a hollow or valley, over each abutment, 
so that its edge is close to the masonry of the abutment, although 
not touching. It is free to slide, although it keeps ballast from 
falling through from the track. 

DRAINAGE. 

In this example the troughs are open, having no ballast upon 
them, and water will drain away quickly. 

This is arranged for by giving the troughs a very slight fall to 
one end, i.e., bedding one girder a little higher than the other, 
and providing a small escape hole in the bottom of each trough. 

The water dripping through is collected by a common rain- 
water pipe, underneath the bridge floor, and is carried away to 
the abutments and down. 

DEFLECTION. 

The girder must be tested for deflection. "When the girder is 
fully loaded with the load for which it has been designed, then 
the flanges are fully loaded up to the safe working values of "f" 
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or resistance to tension or compression, and tbe formula may be 
applied : — 

Eu 
5 
Here n^ = — for a supported beam with a uniform load. 

E = 13,400 tons. 

y = - = 18 inches. 

/ =7 tons. 

I = length in inches = 414 inches. 

.6 7 (414)2 

48 '^ 13400 ^ 18 
= '518 inches. 

This is ^^ of the span, which is well within the limit of per- 
missible deflection, viz., ^ofj of the span. 

CAMBER. 

An initial camber or upward deflection of 1 inch should be 
specified. Thus when the girder is fully loaded it will still have 
a slight upward curve. This camber is merely specified, and 
need not be shown in drawings. It is given to the girder during 
manufacture in the shops, by cutting the web plate with the 
camber in it, and pulling the other members up to it in the 
plating up. The camber is composed of one and a-half times 
the deflection plus a fraction to spare, or J inch per 20 feet of 
span, the result being about the same in either case. 

WEIGHT. 

The actual weight of the girder should now be taken out care- 
fully as a check on the estimated value, and the calculations 
depending thereon. 

This amounts to 4*41 tons, which is slightly larger than the 
assumed weights. A suflBcient margin of safety has been left, 
however, for this in the design, and there is no need to recal- 
culate. 



CHAPTER XIV 

BRIDGE FLOORS — RAILWAYS 

BRIDGE FLOORS— GENERAL. 

In this chapter on bridge floors it is not proposed to enter into 
the comparison of different kinds of floors with their relative 
advantages, but rather to explain them and to exemplify the 
calculations for each, giving details of construction, etc. 

Their respective merits are included in the general discussion 
of bridge design (Chap. XVI.) since the general nature and type 
of floor to be adopted in any specific case are interdependent 
with the description of girder selected, and the general condi- 
tions of the case. 

Bridge floors are here divided into two general classes — 

(a) Railway bridge floors. 

(b) Road bridge floors. 

In the calculation of floors, the loads used are not quite the 
same as those used for main girders. 

The heaviest axle or wheel load of a vehicle is generally the 
ruling load. 

For example, referring to Fig. 198, any member of the floor of 
a bridge, such as an I steel joist, placed transversely to the 
bridge from one girder to the other, will be most heavily loaded 
when the heaviest axle, viz., No. 3 or 4 of 18 tons weight, is 
immediately above it. The wheels on either side of the heaviest 
axle may have some influence on the Mb, but those beyond will 
have none. 

The spacing of the members of the fl.oor is of impox'tance in 
this consideration. 

Dead Loads. — These are the same as described in the 
chapter on loads, and are best exemplified by such examples as 
follow. 

Live Loadss — The question of impact and vibration is impor* 
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tant in floors ; it is greater than in the case of main girders, and 
it has been dealt with in Chap. XII. 

To minimise the impact due to the deflection of rails in the 
case of railway floors, the sleepers are laid closer together than 
on the ordinary track; this gives a smaller span to the rails 
and distributes the load better on the floor below. 

Steel Traughing, — The use of steel troughing for floors is 

nearly universal, and is exceedingly 
convenient. 

Troughing can be used either 
transversely to the bridge, resting on 
the lower flange, or on top of the 
upper flange of the girders; or it 
may be used longitudinally, parallel to the girders, resting on 
cross girders. 

It is light and readily fixed with a minimum of riveting. 
It can be used for railway bridges with or without ballast, 
and also for road bridges. 

It is made at all steel works and is standardised by the 
British Standards Committee. 

Troughs are made in various sizes, given in B.S. tables or 




Fig, 202. 




in makers* catalogues, where their properties and section 
moduli are given. 

Figs. 202 onwards show various kinds of troughs and how 
they are joined together when placed in a floor. The sections 
shown in Figs. 202 to 205 are pressed into shape when hot. 

The form of trough shown in Figs. 202 and 208 is to be 
preferred to that in Figs. 204 and 205. 

These latter have a tendency to close up, i.e., the upper on 
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to the lower, bringing great shearing stresses on to the rivets 
at the junction of the upper and lower portions. In some cases 




!?*» 



the rivets have sheared, causing failure, but this should not be so 
if enough rivets are given. 

All these trough sections can be obtained from makers up to 
40 feet in length even in the heaviest sections. 

With proper tackle these heavy troughs are quite as easy to 
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Fig. 205. 



handle as the lighter sections ; they must, however, be provided 
with tie-plates. 

These prevent spreading of the troughs during handh'ng and 
erection, which must otherwise occur, making riveting up well 
nigh impossible. 
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Those troughs shown in Figs. 206 and 207 are built up of 
plates and angles riveted together, and would rarely be used, 
certainly never if stamped troughing were available. Troughing 
can be strengthened by riveting an extra plate on to the top or 
on to the bottom flange/or on to both. This gives a stronger 
trough without much increasing the depth. 

The pitch of troughing, or distance from the centre of the 
table of one trough to the centre of the table of the next trough 
when laid, is always arranged to be some multiple of 4 inches, 
i.e. the most usual pitch of rivets. 

Troughing can be had with a pitch of 1 foot, 1 foot 4 inches, 
1 foot 8 inches, 2 feet, 2 feet 8 inches, 3 feet, the last being a 
composite trough and uncommon. 

Troughing is usually despatched from the mills riveted 
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Fig. 206. 
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Fig. 207. 



together in sections of three troughs. These sections are 
themselves riveted together when in position in the bridge. 

They generally rest on the angle of the lower flange of the 
girders and fit underneath an angle steel which is fixed to the 
inside of the web of the girder at the right height. This angle, 
and also the stiffeners on the inside of the girder, which are 
intended to be riveted to the top of the troughs, is kept up about 
I inch above the exact height of the top of the troughing so as to 
allow room for fitting the troughing into place after the girders 
have been put into position, and this space is filled up with a 
packing piece of steel plate when riveting up (Plate III.). 

Distribution of Load, — It may be assumed that the loads coming 
on to the trough floors are very much distributed by the rails, 
sleepers, and ballast, so much so that only one half the actual 
load comes on to the trough immediately beneath it, the 
remainder being borne by adjacent troughs. 

This has been proved by experiment, and applies both to 
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troughing placed tranaversely to the bridge and also to 
troughing placed longitudinally with the bridge. This distri- 
bution is the same for both railway and road bridges, with very 
tew exceptions. 

Such exceptions are rare and are always obvious. 

Each of the adjacent troughs takes a quarter of the load. 

Some engineers allow an even greater reduction of load in the 
case of transverse troughs under longitudinal sleepers, the load 
on the trough being taken as one-third the concentrated 
super load. 

RAILWAY BRIDGE FLOORS. 

These may be tabulated thus : 

(a) Transverse trough floors. 

(b) Cross girders and longitudinal trough floors. 

(c) Cross girders and rail bearers with plate floor, 

(d) Cross girders and rail bearers with buckle plate floor, 
(el Cross girders and timber floor. 

(f) Cross girders and buckle plates. 

(g) Cross girders and reinforced concrete. 

(a) Traneerni' Troui/h 7-7(w>JS.— This type ot floor is in common 



use for spans of 20 to 50 feet, where three main girders are used, 
or for single-line bridges. 

The troughs have thus only a sliort distance to span, i.e., that 
under a single line, say, 18 feet 6 inches to 15 feet, and can be 
made of light section ; they are simple to erect, cheap, occupy 
little headroom, and distribute the load well on to the main girders. 
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They rest on the bottom or the top flanges of the main girder 
as required, or on an angle steel fixed some way up the girder veb. 

They are very convenient tor use with skew girder bridges. 

They can be covered with ballast or not at discretion. 

If ballasted, they must be covered with at least 3 inches of 
ballast at their highest part. Sleepers may then be transverse 
or longitudiDal, the former being the general custom in order to 
preserve uniformity of track, though the latter gives better 
distribution of loads on to the troughs. 

If headroom ie scarce, the transverse sleepers can be sunk in 



the troughs, having at least 3 inches of ballast underneath them 
(Figs. 208 and 209). 

By this means 8 or 9 inches of headroom can be saved. 

This dropping of sleepers is undesirable, as the distribution ot 
the load is bad, and the extraction of sleepers for repair by 
platelayers is very inconvenient, involving lifting the rails. 

If the floor be not ballasted, longitudinal sleepers must be 
used. This arrangement admits of easy inspection of the floor 
and easy painting and repair. Also rainwater runs away quickly, 
and the weight of ballast is saved, dead load being very greatly 
reduced thereby. 

Four to four and a-half tons per square inch is the safe value 
ot "/" for these floors. 

■ Example. 

A TraiiBierse TriDiftli Floor. — To design a floor for a single line, 
4 feet 8i inches gauge carried between two plate girders, viz., 
those shown in the example of plate girder design (Chap. XIII.). 
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The flooriog is to be of troughing placed transversely to the 
bridge, carrying longitudinal sleepers under the rails, and no 
ballast (Plate m.). 

There is plenty of headroom available, so that there is no 
need for a very shallow trough. 

Width. — The width of the floor is chiefly determined by 
Board of Trade Regulations, and, of course, by considerations of 
economy. It was decided on p. 182 to make this floor 12 feet 
4 inches wide. 

The clearance gauge of railways laid down by the Board of 
Trade is given on p. 264, and shows that above the height of 
2 feet above rail level, there must be at least 6 feet 7 inches 
from the centre of the track to the nearest standing work, which 
in this case would be the edge of the upper flange of the girders ; 
while below this height of 2 feet only 4 feet 7 inches is required. 

In this case the troughs are to be 9f inches deep, and the 
longitudinal sleepers 8 inches, and these with the rails and 
chairs will together make up about 1 foot 11 inches, so that the 
top of the girder will only be about (3 feet — 1 foot 11 inches) or 
1 foot 1 inch above rail level. 

Nine feet two inches is therefore the greatest width that 
need be given. 

At the same time, for general reasons given in the design of 
the girders, p. 182, the width is not curtailed so much, and 
12 feet 4 inches is the width allowed, and is the length of 
troughing to be used. 

The load for calculation is shown in Fig. 198, where the 
heaviest axle load is 18 tons. 

The live load will be compensated for by using 4^ tons as the 
value for "/." 

Consider the two wheels of the 18 tons axle to be resting on 
the rails immediately above one trough (Fig. 199). 

Then the Max. Mb on the trough occurs under each wheel, 
and Mojc. Mb = Reaction X distance from one rail to end of 
trough. 

= Reaction X (3 feet 9| inches) 
= 9 X 45J iiicli-tona 
= 411*75 inch- tons. 
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Now, only half the load is carried by any one trough, the 
remainder being borne by adjacent troughs. 
Hence the M^ to be met is : 

= 411-75 -^ 2 
= 205-88 inch-tons. 
. • . Mr = 205-88. 

.-./- = 205-88. 

y 

Hence if / be taken as 4 J tons per square inch, then the 

-, or section modulus, for the trough required will be 
t/ 

- = 205-88 -^ 4i 

y 

= 45-75. 
On referring to tables, a suitable section can now be selected, 
viz. : a trough having 

2 feet pitch, 
9f inches depth, 
-625 inch flange thickness, 
35-02 lbs. per foot-run weight, 

and having = 51-45 (Fig. 204). 

This leaves a small margin of safety. 

There is no other section of convenient pitch having its 
section modulus equal to 45-75. 

It should be noted that it is very important to make the pitch 
suit both the span of the girders and the spacing of the 
stififeners. 

In the above calculations the weight of the trough itself has 
been taken as negligible and all other dead load as well. 

If the floor were a ballasted floor it would be necessary to 
include the dead load. ' 

It would then be easiest to find the Max. Ms by graphic 
methods. 

Rivet holes : Deductions. — Rivet holes are necessary at the 
ends of the trough to secure it to the girders, but there is no 
need to make any deduction from Mji for these, as the M^ near 
the ends of the trough is very small. 

The rivets also which are used for joining adjacent troughs to 
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one another are all located along the neutral axis exactly half- 
way between the top and bottom flanges of the troughs, and 
cause no deductions. The longitudinal sleepers will be secured 
to the top flange of the troughs by angle brackets, forming a 
chair, and these will have to be riveted to the troughs, causing 
two holes in the top flange of the trough close to the point of 
Max, Mb' 

Now, the metal section represented by these rivet holes has a 
Mjt of 19 inch-tons. The total Mr of the trough selected is 
231'52 inch-tons. Therefore deducting that lost through rivet 
holes, the net Mj^ is 212*52 inch-tons, which is still greater than 
the Max. M^. 

Transverse Traughing in Three-Girder Britige ; Double Line. — 
This is another case in which transverse troughing is generally 
used. 

For a double line of railway, for spans up to about 50 feet, 
three girders are generally employed, and the centre one is kept 
so low that it does not project more than 2 feet above the 
level of the rails. This permits the inner rails of the two tracks 
to be closed in until there is only 6 feet between them ; vich 
Board of Trade Regulations. 

This makes a great saving of weight in the bridge floor, and 
owing to the presence of the extra girder enables very light 
troughing of comparatively short span to be used, placed trans- 
versely to the bridge between the girders. 

The calculations for the troughs are exactly the same as those 
in the previous example, for a single line, with this difference 
only, that the loads or rails are not centrally placed on the 
troughs, being nearer to the centre girder than the outside ones. 
In this case the Mb under the outer rail, i.e., that furthest from 
support, will be the greater of the two, and if it is desired to 
combine this with the dead weight of ballast, etc., the graphic 
method of doing so is the best. 

Example. 

Let Fig. 210 represent a section through a double line three- 
girder bridge, on which the floor is to be of transverse troughing, 
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with ballast 8 inches deep over the top of the troughing, and 
with the ordinary track, laid with sleepers 2 feet apart, centre 
to centre. 

The span of the main girders is 50 feet, and the heaviest axle 
load to be carried is 20 tons. 
There is plenty of headroom. 

Now it will be possible to keep the top of the girders so low 
that they do not project up above the 2-feet limit above the rail 
level, and in this case the inner lines of rails of the two tracks 
may be 6 feet apart in the clear. 

Fig. 210 shows a cross-section of the bridge, giving the spacing 

of the girders and 
span of the transverse 
_ troughs which com- 
,'i pose the floor. 
I__ The minimum dis- 
tance from the centre 
of the track to the 
Y Mf-.jc'- — -' -j nearest standing work, 

Fig. 210. ^'^'i ^^ edge of the 

flange of the outer 
girders, is 4 feet 7 inches, and the flange of the girder is assumed 
to be 16 inches wide. 

The troughs will rest upon the lower flange of the girders, and 
will butt up against the web. 

They may therefore be assumed to project 8 inches beyond 
the edges of the flange of the girder, so tbat the outer end of a 
trough will be 4 feet 7 inches + 8 inches, or 5 feet 3 inches from 
the centre of the track. 

The dimensions are in accordance with the Board of Trade 
Regulations. 

The total length of trough from centre of outer girder to 
centre of centre girder is therefore 10 feet 10 inches 
(Fig. 210). 

Now the Ms at each rail must be found. 

If the dead load were negligible, and the live load were the 
p«\ly consideration, then the Max. M^ occurring at the inner 
rau^ would be all that was required. But the floor is to be 
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ballasted, and this will mean a dead load that is not 
negligible. 

Hence the live and dead loads must both be considered, and 
the easiest way to do this is by graphics. 

Dealing with the live load first : — 

The Ms at the outer rail is the reaction at the outer girder 
multiplied by 2 feet lOf inches. 

= R X 2 feet lOf inches 

= 10 tons (J^^^^Fj^r^) X 2' lOf X i X 12 inch-tons 

= 178-1 inch-tons. 

The factor ^ is introduced because each trough only takes ^ of 
the axle load above it. 

Similarly the M^ at the inner rail ; 

= 10 X (^^-^^73^-^) X 3' 2f X } X 12 inch-tons 

= 187-8 inch-tons. 

The base line 10 feet 10 inches must be drawn out to scale, 
and these two amounts of 
Mb must be plotted as ordi- 
nates to some suitable scale, 
as in Fig. 211. 

Now the dead load must 
be considered. 

The troughing to be used 
will have 2 feet pitch, and 
probably will be 9 inches 
deep, weighing 35 lbs. per 
foot run. 

If the ballast be filled up 
to 3 inches above the top 
of the trough, the amount 
of ballast on each trough at 110 lbs. per cubic foot = -665 
tons. 

Similarly the weight of each trough 

= 35 lbs. X 10 feet 10 inches 

= -171 tons. 

Also the weight of rails, fish plates, sleepers, and chairs, etc., 

S.B. P 
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may be taken at 100 lbs. per foot run of track, or 200 lbs. per 
trough. 

= '09 tons per trough. 

(Note. — This may be taken as distributed load as it is spread 
by sleepers and ballast.) 

This gives a total dead load of '926 tons, which is distributed 
over each trough. 

The Max, M^ due to this 

nriz? vv 10 feet 10 inches ^^ -^ • u 4. 
= '926 X 7^ X 12 mch-tons 

= 14*95 inch-tons. 

Plot this below the base line of Fig. 211. 

Then the maximum can be measured, and is 200*8 inch-tons 
at a point 3 feet 2| inches from the centre girder, i.e., under the 
inner rail. 

Hence the Mr must be made 

= 200-8 inch-tons =/-, 

y 

and allowing "/*' to be 4J tons per square inch for this floor, 
then the section modulus - must be 44*6 or greater. 

y 

Referring to tables, the most suitable trough is that shown in 
Fig. 204, and the sizes and weights assumed for calculating dead 
load are correct. 

The troughs should have 1 inch cut oflf at each end so as to 
allow them to fit in between the web plates of the girders, and 
the total length of each trough will therefore be 10 feet 8 inches. 

Height of Floor, — The height of the rail level above the under- 
neath edge of the web of the girder is 2 feet 2 inches. 

This is made up thus : — 
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If the girder be 3 feet 8 inches deep, the top flange of the 
girder will then be 1 foot 6 inches above the top of rail level 
which is less than the 2 feet limit allowed. 

Fixing the Floor. — An angle steel should be fixed on the inside 



of the web of the main girders at & convenient height to allow 
for riveting it to the top of the troughs after a f-inch packing 
piece has been insetted. The exact size of this angle does not 
matter, and it would be made to agree with the general sizes 
adopted in the design of the main girder (Figs. 212 and 213). 

CROSS GIRDERS. 

Practically all other tj-pes of bridge floor are supported on 
cross girders. 

These are I section steel joists or light girders placed trans- 
versely to the bridge, and upon these rests the floor, whatever it 
may be. 

Troughing is sometimes used placed across the cross girders, 
i.c., longitudinally, or lengthwise with the bridge, with ballast 
on top of it. 

Rail bearers may be used underneath the position of the 
rails spanning from one cross girder to another. 

These rail hearers, like the cross girders, consist of I beams, 
or light built-up girders, and they serve to carry the weight 
of the track. 

"When they are used, a floor covering or decking is required as 
well, consisting of flat plates or buckled plates, for carrying 
the ballast, people, platelayers, etc., walking across the bridge. 

p 2 
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These types of floor are equally suitable for two-girder and 
three-girder bridges. 

Spacing of Cross Girders, — The rolling, or accidental load is 
the principal load on the cross girders. 

It is obvious that nothing is gained by very close spacing of these 
girders, as in any case each cross girder must bear the whole weight 
of the heaviest pair of driving wheels when they are above it. 

Therefore it is economy to space cross girders so that the 
weight on them due to the intermediate railbearers cannot 
exceed the greatest axle load of engine. 

This will generally happen when the spacing is a little more 
than the distance apart of the two heaviest pairs of wheels. 

Other governing factors are the symmetry of the spacing 
over the span ; and the desirability of having no cross girder 
actually at the centre of the span, in order to lessen the Ma^, M^ 
on the main girders. 

Where there is a skew this latter may form an important factor. 

In braced girders having panels, cross girders are nearly 
always symmetrical with panel points. Both main girders 
should be kept alike. 

Supports of the Ends of Cross Girders, — The ends of cross 
girders are usually similar to those of a plate girder. If plain 
rolled section I steel joists are used, they are merely cut off 
square at the ends. 

In through bridges these ends usually rest on the lower flange 
of the main girders, butting close up against the web ; or they 
may be supported at some height up the web of a plate girder 
by an angle bracket in the same way as troughing. 

This angle must, of course, be strong, and the web must have 
a stiffener at this point, as otherwise it would tend to buckle 
(Fig. 254). 

In under bridges the cross girders rest upon the top of the 
main girders, and are fixed in position by rivets through their 
lower flanges. 

The, weight of the ends of cross girders is taken partly by 
the flange or bracket, upon which they rest, and partly by 
vertical angle brackets. 

These, consisting of short pieces of angle steel, are riveted to 
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both sides of the web of the cross girdet and also to the web of 
the main girder. 

Fig. 254 sIiowB tliese angle brackets. 

When the croes girder is not a rolled steel joist, but is built up 
of angles and plates, its end is finished 
in a similar manner to a plate girder, 
and these angles form its end. 

Where the surfaces upon which a cross 
girder rests, or against which it butts, are 
uneven, they should be made flush or even 
by introducing packing pieces ; Plate III., 
where packing pieces are placed under- 
neath the trough ends to make the bearing ^aLJ tf^''* ' 
flat ; also Plate IV., where the same is ],'iq. 214. 

shown for a cross gu-der. 

With braced girders the connections are not so easy. 

Sometimes the cioss girder can rest on the lower flange, 
but as a rule such bearing is insufficient. 

Fig. 214 shows such a joint ; a bent plate or angle bracket 
is riveted to the web of the cross 
girder so as to keep it in position, 
a packing piece is inserted under- 
neath it to give a flat bearing, and 
a triangular bracket is fixed above 
it, between the cross girder and 
the vertical member of the main 
girder, to give general stiffness. 

Sometimes the flange does not 
give sufficient bearing surface, 
or would be subjected to torsion 
if loaded, in which case the cross 
girder might be fastened to the 
vertical member of a braced 
girder, or even slung underneath 
the flange. 

Fig. 215 shows the web plate of the cross girder carried in to 
butt up against the web of the main girder, between the two 
angles of stiSener of the main girder. 
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These two stiffener angles transfer the weight of the cross 
girder to the main girder, forming at the same time the end of 
the cross girder. 

The top and bottom plates and angles of the flange of the 
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Fig. 216. 

cross girder are of course stopped short so as to allow the angles 
of the stiffener to lie ilat against the web of the cross girder. 

This is a very strong form of attachment. 

Figs. 216 and 217 show a cross girder suspended underneath 
the lower flange of a plate girder by a suspension plate. 
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Fig. 217. 



Fig. 218. 



This suspension plate is on the outer edge of the main girder 
and is riveted to the end angles of the cross girder. 
Fig. 218 shows the use of bolts and nuts. 
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These are permissible (although not very desirable) when it is 
impossible to arrange the joint without having rivets in tension. 

They must, of course, be properly set up, the ends of the 
bolts being turned up over the nuts so that they can never move. 
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Figs. 219 and 220 show a cross girder hung underneath the 
lower flange of a large braced girder by four suspension angles. 
These transmit the weight from the cross girder end to the main 
girder by thirteen rivets in double shear forming a very strong 
joint. It should be noted that the flange plates in this example 
are vertical instead of horizontal, so that no other means of 
supporting the cross girders except by suspension plates or 
angles can be used. 
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Fig. 221 shows a cross girder with its end slotted so as to 
allow it to fit over the projecting flange of a chanliel, such as 

might form part of the 
lower flange of a braced 
girder. 

RAIL BEARERS. 

These consist gener- 
ally of I section rolled 
steel joists. 

They need rarely be 
of any stronger section 
than is to be had of 
standard size from any 
makers. 

They are, however, 
sometimes built up of 
angles and plates. 
When this is the case 
they rarely have a top 
flange plate, the angles 
at the top and bottom 
being sufficient to take the flange stresses. 

They sometimes rest on top of the cross girders, but are 

usually fixed between the cross girders 
so that their top flanges are flush with 
the top of the cross girders. 

They are rarely as deep as the cross 
girders in section, and hence rest either 
on the lower flange of the cross girders, 
with a packing piece of suitable thickness 
to raise them up flush on top, or else on 
an angle bracket fastened to the web of 
the cross girder. 
Fig. 222 shows various methods of attachment. 
In order to allow the top flange of the rail bearer to be brought 
up flush, a rectangular notch or joggle is made in the rail bearer, 
either by cutting or by stamping when hot (Fig. 222). 




Fig. 220. 
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Fig. 221. 
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Angle brackets are fixed to the aides of the web of the rail- 
bearer and also to the „, 
web of the cross girder 
and help to take the 
weight. 

Fig. 223 shows the 
junction of two rail 
bearers with a cross 
girder. 

Pig. 224 shows 
another join ; the top " 

flange angles of the ''"'■ ^^^ 

rail bearers are bent downwards and are riveted to the web of the 
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Fig. 221. 
i girder; they do not stop at the lower : 
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bearers but are carried on right down to the lower flange of 
the cross girder. This forms a good and stiff connection. 

Example. 

To design a floor for a plate girder bridge, with two main girders, 
for double line, 4 feet SJ inches gauge, to carry English rolling 
stock. 

Cross girders will be used with longitudinal troughing placed 
on top of the cross girders. (Refer to Plate IV.) 

There are no restrictions as to headroom ; the girders are 




♦'.*•- j 



FIO. 225. 



50 feet long, and they may be assumed to be 4 feet 8 inches 
deep and 16 inches across the flanges. 

The cross girders will rest on the lower flanges of the main 
girders. 




Fio. 226. 

The ruling engines for the floor stresses are given in Figs. 225 
and 226. 

The first thing to consider is the troughing and its span, which 
depends on the spacing of the cross girders. 

Spacing of Cross Girders.— The uniform equivalent load for 
a span of 60 feet clear or 58 feet between centres of bearings is 
2-54 tons per foot run (Table XVI.). 
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Let { be the distance between two cross girders. Then the 
total uniform distributed load on one cross girder for one track 
= I X 2-54. 

This should be about equal to the heaviest axle load, viz., 
19 tons 8 cwts., from which I is found to be 7*64 feet. 

Make this spacing 8 feet, which will give 7 cross girders to the 
bridge, the end ones being 1 foot from 
the ends of the girders. -^f. 

Troughing. — Hence the span of the t ^ 7 

troughing is 8 feet. J 5>---J 

The heaviest axle is 19*4 tons or the pj^ 227 

heaviest wheel 9*7 tons. 

This will produce the greatest M^ in the troughing when at 
its centre (Fig. 227) ; also one trough only takes half the weight 
immediately above it. Hence : — 



Ms on one trough 



Wl 



_97 8X12 

~ 2 ^ 4 

= 116'4 inch- tons 

If we allow "/" to be 4 J tons per square inch, then : — 

7 _ 116-4 

y^ H 

= 25-85. 

This is the modulus of the section required, calculated approxi- 
mately. 

A suitable trough sec- /" ■ ~ \ V \ 

tion for this would be one /V \ \! 

of 1 foot 8 inches pitch, 0^ v ; ^ . 

7g inches deep, 6 inches \J/ ? \v___L 

table, weighing 32*97 lbs. ^^^( ^"H ^^ p 

per foot run, and having f:::: .'^^ / .i.v,fa^^?^"::::.\j 

a section modulus = ,, ^ ^.,^ 

30-60. 

Now this must be recalculated including dead load. 
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The dead load is composed as under : — 

Weight of trough, 8 feet long, at 82*97 lbs. per foot run = 
264 lbs. 

Weight of ballast on one trough up to 5 inches above the level 
of the top of the trough, at 110 lbs. per cubic foot = 1,045 lbs. 

The weight of rails and track is 100 lbs. per foot run of track, 
or one quarter of this on each trough = 200 lbs. 

Total, 1,509 lbs. 

This has a central Mb on the trough of 8*085 inch-tons. This 
must now be added to the central Max. M^ found due to the 
accidental load, viz. : — 

. *. Max. Mb = 116*4 + 8*08. 

= 124*5 inch-tons 
= 27*7 = modulus of section. 

The trough selected will, therefore, be strong enough and is 
shown in Fig. 228. 

Cross Girders.— The cross girders are the next consideration. 

Their span is the width of the bridge. 

In this case the girders will not project more than 2 feet 
above the rail level, so that the reduced width may be given 
to the bridge, i.e., 4 feet 7 inches from the inner edge of the 
girder flanges to the centre of the track. 

Since there is no centre girder, the inner rails may be 
6 feet apart in the clear. This fixes the total clear width 
between the two main girders as 20 feet 4 inches (Fig. 258). 

But the pitch of the troughing will influence this slightly. 

The centres of the two tracks instead of being only 11 feet 
2 inches apart will be better spread out to 11 feet 8 inches, so 
that both tracks may rest symmetrically above troughs. 

This will increase the whole width of the bridge to 20 feet 10 
inches. 

If then the width be made 21 feet 8 inches in the clear, this 
will be an even multiple of 1 foot 8 inches, and will be the best 
width to adopt. 

Therefore the length of the cross girders will be 21 feet 
8 inches + half the thickness of the main girder at each end, 
i.e., 28 feet. 
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Twenty-two feet six inches may then be taken as the span 
for calculations. 

Dead load. — The dead load on the cross girders is that due to 
the troughs, viz., 1,509 lbs. per trough, and there are 13 of them 
on one cross girder. 

Therefore, total dead load = 13 X 1,509 lbs. 

The weight of the cross girder itself is not yet known and may 
be omitted for the present. 

The Max, M^ due to the dead load 
_Wl 
■~ 8 

= ^^ ^ 2:240 ^ 2" >< "8 ^^«^-^^«« 
= 295*65 inch-tons. 
The diagram for this loading is plotted in Fig. 280 by drawing 
a parabola with height of 295*55 inch-tons. 

Live Load. — The live load to be selected for consideration on 
the cross girder requires to be chosen carefully. There are 
three alternatives : — 

(1) The heaviest axle is shown in Fig. 225, viz., 19*4 tons. 
This may be immediately over the cross girder, in which case, 
as it is spaced 8 feet 6 inches from 

the next nearest axle, it will be the 
only load on the cross girder. 

(2) The axles shown in Fig. 226 5 ^^^ ^^^ ^ 

are not so heavy but are closer £- — «' J 

together. Consider the two axles ^j^ 229. 

weighing 17j tons each, spaced 6 

feet apart. When these stand on the troughing, 3 feet each 
side of the cross girder, as in Fig. 229, the total load on the 
cross girder will be : — 

= I X 17i + I X 17i tons 

= 22 tons (approx.). 

(3) The equivalent uniform distributed load for a 50-foot 
span is 2*54 tons per foot run, making a total load of 2*54 X 8, 
or 20*32 tons per cross girder. Of these three loads that in (2) 
is the greatest and must be considered. 






Fig. 230. 
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It will be noticed that in this case the loads are not actually 
on the cross girder, but are brought on to it by the rail bearers 
on either side of it. 

Distribiition of Live Load on Cross (rirder. — Referring to Fig. 

284, it will be seen that the 
load of 22 tons brought on 
to the cross girder by each 
track has been divided up 
into 11 tons on each rail, 
and this again in turn into one half, or 5*5 tons under each 
trough under each rail, and one quarter or 2*75 tons under 
each adjacent trough. The M^ due to these loads must now 

be found graphically. 

To do this the Max. 

Mji for each load on a 

span of 22 feet 6 inches 

must be drawn. 

The Max. M^ of a load of 5'5 tons at the centre of a span of 

22 feet 6 inches is : — 

Wl 




Fig. 231. 



= ^ X 22J X 12 

= 371-24 inch- tons. 
Similarly the Max. M^ of a load of 2*75 tons is = 185-62 inch- 
tons. 

The diagrams of M^ for these are parabolas, and are drawn in 

Figs. 231 and 232 with 
central vertical ordi- 
nates of 185-6 and 
371*2 inch-tons respec- 
tively. These two dia- 
grams give the M^ that 
these two loads will produce wherever they are placed on the 
span. 

The various positions or points of application of these loads 
are projected up from Fig. 2:54, and their triangles of M^ are 
completed as shown. 
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Then Fig. 233 is plotted by adding together all the ordinates 
from Figs. 230, 231 and 232 at each point. 

This gives a maximum M^ of 1,775 inch-tons at the centre of 
the cross girder. 

Therefore the central 
M^ of the cross girder 
must be 

= 1,775 inch-tons 
—fad. 

Suppose the cross 
girder to be 2 feet 4 
inches in depth. 
Then d = 28 inches 

.•,^a = 63-43 

. • . a = 14*1 square 
inches. 

Suppose that two angle 
steels are used in the 
top flange of the cross 
girder, viz. : — .^ 

4i inches X 4^ inches X p^^ 233. 

f inch. 

Deducting for two 1-inch rivet holes, the total cross-section of 
the two angles 




2 (8^ inches — 2 inches) x - 



8 



fl.O 



11.0 tma 



= 8*1 square inches 

and the total Mr = fad = 1023*75 inch-tons. 
^ inch thick and 9^ 
inches wide will be 
suitable. 

Deducting two 1-inch 
rivet holes, this plate 
would have a cross- 
section 



A flange plate 



(*" ~ ^ ^*' o — 4- — — — — — ^______ »_ j! 




FiQ. 234. 



= (9 J inches — 2 inches) X \ inch 
= 3*75 square inches, 
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and a total Mr 

= fad 
= 472-5. 
These two values of Mr are plotted on Fig. 233. 
An extra plate will be required over the central portion of the 
cross girder. 

Fig. 233 shows a suitable length for this plate to be 12 feet, 
extending 6 feet either side of the centre of the span. 

A plate f inch thick will have a cross-section of 2*75 square 

inches, and an M^ 

= 854'4 inch-tons. 

This makes up a total flange area of 14*6 square inches and a 
total Mr of 1,850 inch-tons. 

This leaves suflScient margin to allow for the weight of the 
cross girder itself and avoids the necessity of recalculating. 

Plate IV. shows the cross girder in elevation. The web is 
f -inch plate, and the rivet holes in the vertical and horizontal 
faces of the angles of the flange are made to break joint, t.«., not 
to occur at the same vertical section, so as only to reduce the 
cross-section by one rivet hole. This will give an extra margin 
of safety. 

Details. — A ballast plate is fitted to the edge of the troughing 
to keep the ballast on the bridge floor from falling through 
between the troughing and the main girders. 

This consists of a vertical plate 12 inches high and J inch 
thick, secured to the troughing at its bottom edge by a 3-inch x 
3-inch X J-inch angle, and held vertical by brackets of 3-inch 
X 3-inch X J-inch angle steel fixed to the plate stiflfeners of the 
girder where they occur. This prevents the ballast from the 
floor from touching the main girder, and thus keeps the main 
girder open for inspection and painting. 

Stiffeners. — Four stiffeners are provided, being placed nearly 
under the rails. 

They consist of vertical angles 4j inches X 4^ inches X 
J inch, with a |-inch packing piece underneath them, cut oflF 
square at the ends. 

The ends of the cross girder are similarly formed ; a piece of 
4j-inch X 4j-inch X f-inch angle is placed vertically against 
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the web of the cross girder on each side, and is riveted to the 
web of the main girder with a ^-inch packing piece between. 
There is no end plate to the cross girder. The top and bottom 
flange plates and angles of the cross girder are cut off square and 
flush with the web. 

The horizontal pitch of the rivets through the flange angles 
and the web of the cross girder near the ends is reduced to 3J 
inches, so as to make them fit in with the length of the cross 
girder. 

This reduced pitch extends from the ends as far as the first 
stiffener. 

Countersunk rivets are required in the flanges above and 
below the stiffener angles where marked " csk" 

Drainage of rainwater would be arranged by holes through 
the hollows of the troughs near their points of support. 

There are f-inch packing pieces under the troughs where 
there is no |-inch flange plate, i.e., under the outer three 
troughs. 

An alternative method of securing the cross girder to the 
main girder, combining a stiffener in the same piece, is shown 
in the next example. 

Plate Floors. — A good floor, and one which until the intro- 
duction of troughing was almost universally used, is formed by 
cross girders, rail bearers, and a plate deck, with suflScient ballast 
to take the ordinary permanent way (Plate V.) The plate deck 
is made of flat plates, generally | inch thick. The drainage 
sometimes presents a little diflSculty. When this floor is 
ballasted, the sleepers are usually laid transversely. This type 
of floor can also be used without ballast by laying the rails on 
longitudinal sleepers on top of the rail bearers. 

The rail bearers are notched or joggled in order to allow them 
to come up flush with the cross girders, and the J-inch plate is 
riveted over all. Different railway companies have different 
types of floors in general use, but this is one of the most usual. 

Example. 

To design a floor for a plate girder bridge, with two main 
girders, 4 feet 8J inches gauge, to carry English rolling stock. 

S.B. Q 
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Cross girders and rail bearers will be used with a flat plate floor 
(Plate v.). 

There are no restrictions as to headroom. 

The span is 50 feet, and the girders may be assumed to 
be 16 inches across the flange and 4 feet 8 inches deep. 

The cross girders will rest on the lower flanges of the main 
girders. 

The ruling engines for floor loads are given in Figs. 225 and 
226. 

Either transverse or longitudinal sleepers may be used, and the 
floor will be ballasted 9 inches deep. 

RAIL BEARERS. 

The rail bearers are the first consideration. Their span is 
the same as the spacing of the cross girders, and since the 
loads and span are the same in this example as in the pre- 
ceding one, the spacing may be taken as the same, viz., 8 feet. 
The loads on the rail bearers are the same as in the preceding 
example, with this difference, that the rail bearers must take 
the whole of the load above them instead of only half as in 
the case of troughs. The ruling axle for Max. M^ on two 
rail bearers weighs 19*4 tons (Fig. 225) ; hence the Max. M^ on 
one rail bearer 

= 232-8 inch-tons, =/-. 

y 

If we allow 4J tons per square inch for "/,'* then 

- = 51-7. 

y 

Referring to tables, it will be found that a rolled steel I section 
beam, B. S. B. No. 22, 12 inches by 16 inches, would suffice for 

this purpose, having - = 62*58. 

In this case, however, I beams will not be used, and the rail 
bearers will be built up. 

A depth of 12 inches will be adopted, with a web of |-inch 
plate ; the flanges will consist of two angles, 4 inches X 4 inches 
X J inch. 
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FIG. 235. 



Fig. 285 shows a section through this rail bearer. 
As the flanges of the rail bearer consist of angles only, the 

centre of gravity of each flange of the rail 
^ bearer is not at its upper edge, and it is 
therefore not correct to take the depth of the 
web, i.e., 12 inches, as the depth of the 
section in the formula Mr = fad. 

The distance between the centres of gravity 
of the top and bottom flanges should be 
=1 taken. 

'^ This is approximately 10 inches, and has 

been taken as such for calculation. 
Three-quarter-inch rivets will be used in this rail bearer, and 
the cross-section of the two angles in the top or bottom flange, 
deducting one rivet hole in each (| inch diameter), is 

53 . , 

= ^ square inches. 

Therefore the M^ of such a rail bearer, 10 inches deep 

= fad 

= 298 inch-tons. 

This greatly exceeds the Mao;:. M^, which was found to 
be 232*8 inch-tons; but the dead load has yet to be 
considered. 

The weight of the rail bearer itself, taken piecemeal from tables, 
= 561 lbs. 

The weight of the track taken at 100 lbs. per foot run for the 
whole track 

800 



= 400 lbs. 

The weight of the ballast may be taken as 110 lbs. per 
cubic foot ; each rail bearer must support half the ballast 
between itself and the next rail bearer and between itself and 
the main girder, i.e., a total area of floor 

= 8 feet X 4 feet 9 inches, 
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and with ballasi; 9 inches deep the total weight of same 

= 8 X 4J X I X 110 lbs. 

= 3,135 lbs. 
There is also the weight of the plate floor made of |-inch steel 
plate. 

The area to be supported by one rail bearer will be the same as 
in the case of the ballast, viz., 

= 8 feet X 4 feet 9 inches ; 
this works out to a weight of 

= 775 lbs. 
Therefore the total dead load on a rail bearer 

= 4,871 lbs. 
This is a uniform distributed load, and will have a central M^ 

on the rail bearer 

_ 4,871 w 8 X 12 
"" 2,240 "8 

= 26*1 inch-tons. 

This added to the accidental load makes a total Max. M^ 

= 232-8 X 26-1 
= 259 inch-tons ; 
and the rail bearer selected is well able to resist it. 
The total actual load on the rail bearer is 

19-4 , 4,871 , 
= 2+2,240*^^' 
= 11-87 tons. 
Cross Girder, — It is now necessary to calculate the cross girder. 
The live load is the same as in the previous example, the 
engine in Fig. 226 being the ruling one. 

The load is, however, more concentrated, occurring immedi- 
ately under each rail. 

The load under each rail = 11 tons, or 22 tons on each track. 
In addition to this there is the dead load which is not uniformly 
distributed. 

Now in considering the dead load on the rail bearers we have 
allotted the whole weight of the ballast and the plate floor to 
them, assuming that they take it all ; in reality the floor is cut 
up into rectangles, the weight of which is taken by the members 
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forming the sides of these rectangles, viz., the cross girders and 
the rail bearers, and also the edges of the main girders. 

In this case our assumption errs on the safe side, since the 
rail bearers have been made strong enough to take all the 
weight, and they throw the concentrated weight of the flooring 
on to the cross girders at their points of junction, which also errs 
on the safe side. 

The dead load, therefore, on the cross girders is assumed to 
be applied to them under the rails, and is equal to the dead 
load on the rail bearers, i.e., 4,871 lbs. or 2'17 tons under each 
rail. 

The actual weight of the cross girder itself must be left out 
until it has been approximately designed. 

There is therefore a total load of 18' 17 tons at each rail. 

The width of the bridge will be the minimum possible, viz., 

20 feet 4 inches in the clear between main girders. These are 
16 inches wide, and the distance from centre to centre of main 
girders will be 21 feet 8 inches. 

The span of the cross girders for calculation may be taken as 

21 feet. 

The Mb of a load of 13*17 tons at the centre of a 21-foot span 

Wl 



= 1317 X 21 X 



12 



= 829*71 inch-tons. 
In Fig. 236 a parabola is drawn with this as vertical height, and 

verticals are drawn at 
the positions of the rails 
giving the Mjt due to all 
the loads at these four 
points. Fig. 237 is drawn 
giving the total combined 
Mb at these four points 
due to all the loads. 

The Max, Mb at the inner rails is 1,520 inch-tons, and at 
the outer rails 800 inch-tons. 

Assume the cross girder to be 24 inches deep. 




Fig. 236. 
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The flange might be made up of one J-inch plate, 9f inches 
wide, and two angle steels 4| inches X 4| inches X f inch. 
Then, the Mb for the angles =/ad 

9 C.A 65 
• =2X24Xq- 

= 877*5 inch-tons. 

And the Af^ for the ^-inch plate = 398'25 inch-tons. 

In both of these two rivet holes have been deducted. 

The total Mj^ = 1275-75 inch-tons. 

An extra f -inch plate will have to be added in the centre of the 
cross girder. 

This will give an extra 3/r of 298'7 inch-tons, making a total 
of 1,574*5 inch - tons, 
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Fig. 237. 



which is ample to include 
the dead weight of the 
cross girder itself. 

This extra plate is 
found to be 10 feet 8 inches 
long, from Fig. 237. 

JoinU. — Junction of / 
rail bearers and cross 
girders. 

The rivets for this joint depend upon the vertical shear. The 
maximum shear on the end of a rail bearer will occur when the 
load of the heaviest wheel is just coming on to the rail bearer. ' 

The heaviest wheel is 9*7 tons, and will cause a vertical shear 
of 97 tons at the end of the rail bearer. 

To this must be added half the dead load of one rail bearer, 

viz. : — 

217. 
—5— tons 

= 1*09 tons. 
This makes a total shear of 10*8 tons approximate. 
The web of the cross girder is f inch thick, and the rivets used 
to make this joint are J-inch rivets. The rivets of this joint 
will be weakest in their bearing against the web plate of the cross 
girder. The resistance to bearing of one rivet 

= i X t X 6-4 tons, 



232 THE DESIGN OF SIMPLE STEEL BEIDGEB 

6*4 tons being the safe resistance to bearing for rivets in floors, 
when a reduced value of constants is taken to allow for live load ; 
4'8 tons per square inch is the resistance to shearing under similar 
conditions. 

Let n be the number of rivets required. 

Then 

w X S X i X 6-4 = 10-8 
. • . ?i = 5i^ or 6 rivets. 

For resistance to shearing : — 

nXirX {^\)^ X 4-8 = 10-8 
. • . n = 8'76 or 4 rivets. 
Six rivets | inch diameter wuU therefore have to be used. The 
equivalent number of J-inch rivets would also be six. The J-inch 
rivets would be the best to use, since all the other rivets in the 
rail bearers are f inch diameter. 

Now Plate V. shows the end of the rail bearer, in which the 
angles of the upper flange have been bent down so as to clear 
the top flange of the cross girder, and in consequence there is not 
room for six rivets in these flange angles, where they rest against 
the w^eb of the cross girder. They are therefore prolonged and 
carried down the web of the cross girder far enough to obtain 
room for six rivets. 

It should also be noted that the rail bearers are raised suffi- 
ciently high up as to bring their upper surfaces flush with the top 
flange of the cross girder. 

This top plate does not go the whole length of the cross girder, 
and packing pieces will be required in places to make up the level 
for fixing the flooring plates. 

Ends of Cross Girders. — The cross girders are to rest on the 
lower flanges of the main girders. 

An excellent method of stiffening the main girders at the point 
of attachment to the cross girders is that which will be adopted here. 

The vertical angle steels that are placed on both sides of the 
web of the cross girder, in order to fasten it to the web of the 
main girder, are carried right up to the top of the web of the 
main girder in a similar manner to the angles of a plate stiffener. 

The flange angles of the cross girder are bent outwards enough 
to allow these angles to pass between or underneath them. 
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The web plate of the cross girder is also carried upwards 
between these vertical angles, to act as the plate of a plate 
stijffener. 

For this, the top flange plate of the cross girders must be 
stopped as shown in the drawings (Plate V.), so as to allow the 
web plate to be carried up. The M^ in the cross girder at this 
point is so small that 
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the flange plate can 
easily be dispensed with. 

Now this carrying up 
of the web plate means '^ ,. ,,, 

a ]omt m the web where 

shown, otherwise a single whole plate of the shape shown in 
Fig. 238 would have to be used for the web plate of the cross 
girders. 

This would mean much cutting out of the plate. Joints would 
therefore be made as shown in Fig. 238 at ^^. 

Referring again to Plate V., it will be seen that a stiffener to 
the web of the cross girder is made at this point of the web. 

The vertical shear at this joint is half the total load on the 
cross girder, i.e., 13*17 tons. Hence the rivets in the cover plate 
to this joint must be able to take 13*17 tons. 

With f-inch rivets, let n be the number required. Then, for 
bearing on the web plate 

?t X I X f X 6*4 = 13*17. 
. • . ?i = 7*33 or 8 rivets. 

As the cross girder is 24 inches deep, the rivets at their usual 
pitch will not suflSce. Seven rivets are provided in the cover plate 
on each side of the join, and these with the rivets of the top and 
bottom flange angles will be sufficient. 

The stiffener at this joint is made of one 4 J-inch X 4j-inch X 
J-inch angle steel, and the cover plates to the joint in the web 
are f inch thick, so as to come flush with the face of the flange 
angle of the cross girder. 

No additional stififeners are required since the rail bearers 
themselves provide ample stifi'ening under the loads, where they 
are riveted to the cross girders. 

Rivets and Pitch. — The pitch of the rivets in the cross girders 
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is 4 inches throughout, with the exception of the last two rivets at 
each end. 

In these the pitch must be altered slightly. 

In the upper flange it is reduced to 3| inches and in the lower 
to 8| inches. 

This just fits the end of the cross girder. 

The total length of the cross girder is 21 feet 7| inches along 
the top, and 21 feet 6J inches along the bottom flange. The 
pitch of the rivets in the rail bearers is also 4 inches, but this 
pitch is broken at the bends of the rail bearers. 

Also the rivets forming the joint to the cross girders are placed 
out of pitch so as to fit them in conveniently. 

Plate Floor, — This consists of J-inch plain steel plates. 

They rest at their edges on the rail bearers and cross girders. 
They are riveted to the rail bearers and the cross girders, the 
rivet holes in the latter being made to break joint with those in 
the flange angles of the rail bearers. 

The maximum stock sizes for J-inch plates are very large, and 
there will be no diflSculty in obtaining plates of the sizes 
required. 

The plates on the centre of the floor between the two middle 
rail bearers are 8 feet X 6 feet 2| inches. 

Those between the rail bearers of each track are 8 feet X 
4 feet 9i inches. 

Those between outer rail bearers and the main girders are 8 feet 
X 1 foot 9J^ inches. 

These are supported at their outer edge by an angle steel 
7 inches X 4 inches X \ inch, riveted to them, extending from 
one cross girder to the next, and forming a ballast plate to keep 
ballast on the floor. 

These outer plates will be strong enough without any other 
support. 

The other rectangular plates, however, 8 feet X 4 feet 9 J inches, 
and 8 feet X 6 feet 2J inches, are not strong enough to carry the 
weight of the ballast, platelayers, etc., without some further 
support. 

A Tee steel is therefore introduced between rail bearers under 
the plate floor to give it support. This Tee steel is shown in 
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Plate v., and is riveted to the middle of each rail bearer and 
also to the plate of the floor. 

The section used is 4 inches X 4 inches X | inch and the 
rivets joining it to the floor plate are |-inch rivets, and are 
disposed alternately on opposite sides of the stem of the Tee, 
i.e., so as to break joint. 

These Tees also help to stiffen the whole framework of the 
floor. 

Buckle Plate Floors. — The ordinary cross girder, rail bearer, 



Fig. 239. 

and plate floor may be varied by using buckled plates instead of 
flat plates. 

These have the advantage of strength, and easy surface water 
drainage, since a hole in their lowest part will allow all water to 
escape. But troughs have all these advantages as well. 

Buckled plates are not always easy to obtain, and they are not 
very convenient to use, since 

they must either be made .*s*5^*^******°^T***^^^^w 

of special sizes, or else, if a ^ /r X ^\^ ^ 

standard size is adopted, \ff y^ \ff 

the design of the floor is jffi) .M. 

hampered thereby. ^exg&coL '^'C^'" '"T"" 

Buckled plates are shown 
in Fig. 239 having two flat 
edges. They can also have four flat edges, if required. 

Buckled plates are usually made 3 feet square, ^ inch to ^ inch 
thick. 

When these plates are only supported on two sides, the edges 
where they join one another should be supported by a T or L 
steel. 

Buckled plates with the curve downwards are about three 
times as strong as with it upwards. 
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The strength of a buckled plate is given roughly thus : — 

Where W = total weight on the plate in lbs. 

/= permissible stress in the plate in lbs., in floors say 8,000 lbs. 
per square inch. 

h = depth of the buckle in inches. 

t = thickness of plate in inches. 

This is independent of the size of the plate. 

Other curved plate systems have been used, but have now 
entirely gone out of practice. 

Fig. 240 shows the most common of these, known as the arched 
plate system. 

Such a floor would practically never be used where any other 
type would serve. 

It is not strong for its depth, nor economical of headroom. 

The curved plates are difficult to obtain; their ends are 
difficult to deal with ; and the drainage of water is as bad as it 
could be. 

TIMBER DECK FLOOR. 

Another kind of floor is that made with timber decking. 

This is light and also cheap where timber is easily obtainable. 

It does not last very long, but is noiseless and easy to fix. 

Plate VI. shows such a floor in which the portion between the 
rails is covered with buckled plates, which can withstand the fall 
of the ashes, etc., from passing trains better than timber. 

Longitudinal wood sleepers must be securely bolfced to the rail 
bearers when they rest immediately upon them, to keep them 
firmly in position ; otherwise when they begin to rot or work 
loose, the gauge will become very bad. 

In some localities where good timber is very plentiful, the rail 
bearers are omitted and fimber stringers are used instead. 
These must be firmly bolted to the cross girders to preserve the 
gauge. 

Special attention should be given to this. 

GENERAL. 

Ballast Board. — Every bridge that is ballasted must have some 
means of preventing the ballast from falling through between the 
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floor and the main girders. In trough floors if the troughs join 
up to the main girder, then no special precautions are necessary. 
But otherwise a ballast board must be provided. 

The ballast board may be of timber or steel, and is generally 
riveted or bolted to the floor. 

Plate VIII. and Plates IV. and V. show various forms of 
ballast boards employed. 

In the case of transverse troughing the main girder has to 
serve as ballast board, which is not a very desirable arrangement, 
as it prevents easy access to the main girder for inspection or 
painting ; it also allows water to be in constant contact with the 
main girder, unless the drainage is very carefully attended to. 

A floor having its own ballast board some little distance away 
from the main girder is preferable, as it allows easy access to the 
latter. 

Ends of Floors,— At the ends of the bridge, where the floor 
lands on the abutments, the ballast and track are kept continuous 
without any break if possible. 

The ordinary track is ballasted right up to the ballast wall, a 
light low wall which is built across the top of the abutment 
between the bedstones of the main girders, high enough to retain 
the ballast from falling off the abutment, but not as high as the 
underneath of the rails. 

The rails pass over the ballast wall from the sleeper behind it 
to the sleeper in front of it which is resting on the bridge floor. 

Drainage of Floors. — Drainage is very important. If water 
stands on a steel floor and is kept from drying for a long time, 
by the presence of the porous ballast, it may prove exceedingly 
injurious to the floor. Needless to say, water enters into all 
angles and joints, and by capillary attraction enters all the 
smallest cracks, e,g.y underneath rivet heads or between plates, 
etc., causing rust action. 

There are therefore two main problems to deal with : — 

(1) To get the water off as soon after it has fallen on the 
bridge as possible. 

(2) To prevent it getting into contact with the steel at the 
joints, etc., by means of some artificial covering. 

The first is done as follows. 
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With transverse troughs in a two-girder bridge, one main 
girder is bedded | inch to 1 inch higher than the other, so that 
troughs slope one way. 

With three main girders the same is done, the centre girder 
being set 1 inch lower than the outside ones. 

All the water runs down the troughs towards the centre girder 
and out through holes bored in the lowest part of the troughs. 

Some water of course finds its way on to the lower flange of 
the main girder and tries to stand there. The water on passing 
through the holes through the troughs is caught by an ordinary 
simicircular rainwater gutter and is led away to the abutments, 
and down. 

With longitudinal troughing the centre cross girders of the 
bridge are set a little higher than those near the {Abutments ; 
1 inch to J inch is sufi&cient for all ordinary spans. 

There is the camber of the main girders also to assist the slope 
of the troughs towards the abutments. The rainwater is collected 
and disposed of at the abutments. 

A flat plate floor is difl&cult to drain, but generally speaking the 
centre of each plate should have a weep hole bored in it ; or if 
the water may not be permitted to drip through the bridge, the 
floor must be sloped down towards the ballast boards. 

With regard to the second problem, the matter is mainly one 
of painting, but other means are sometimes resorted to. 

Asphalte and concrete are the two best fillers of joints and 
inconvenient holes. 

Painting is sometimes resorted to in floors, but this is not 
satisfactory if the floor is to be ballasted, as the metal cannot easily 
be got at for renewing the paint. 

It is with this in view that every effort should be made to pro- 
vide a ballast board to the edge of the floor, which shall at any rate 
keep the ballast away from the main girders and allow them to be 
seen and easily got at for painting. 

When using trough floors, if there is no ballast, paint will 
serve admirably. 

When there is ballast to be used and there is no easy 
way of keeping the ballast away from the main girders, the 
following is a good expedient for protecting them from water. 
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Lay a f-inch layer of asphalte in the boUowe oE the troughs 
and in all joints, horizontal spaces where rain might lodge, etc. 
The ballast will rest over this. Thus where the water is likely 
to stand there will be an impervious covering for it to rest on. 

Sometimes a layer of 1^ inches to 2 inches of concrete may be 
laid over this before the ballast is put on. 

Some engineers use this covering right over the whole of flat 



plate floors, viz., 1 inch to 1^ inch of bituminous covering and 
2 inches of concrete over it. 

The concrete is a physical protection to the ospbalte, and 
prevents the waterproof covering being injured by platelayers 
with their picks, etc. 

Concrete itself is an excellent covering adhering fairly well to 
steel, and not having any special tendency to flake off or peel. 
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if properly applied. Its coeflScient of expansion is very nearly 
the same as that of steel. 

It may either be laid all over the floor, a method which has 
not been found very satisfactory, on account of lack of adhesion, 
or may be utilised in angles, joints, junctions, etc. 

For instance, troughs are sometimes filled up solid with concrete 
to a flush surface on top, and only sloped a little for drainage. 

Fig. 241 shows the use of concrete in some joints of a floor 
where water might lodge. 

It must be remembered that unless the steel of the floor is 
perfectly clean, free from all mill scale, dirt, remains of paint, or 
boiled linseed oil, adhesion will be imperfect, and leakage and rust 
will set in. 

The steel should be cleaned by the sand blast before applying 
the concrete, and the latter must be thoroughly rammed in and 
must not* be too coarse or too dry. 

In the floors of bridges abroad, across gorges or stormwater- 
ways, where the drip from a bridge does not matter, there is 
frequently no flooring provided at all, and the rain drops right 
through. 

A few steel strips are fixed from one cross girder to another 
to form a platelayer's walking plank, and the rails on longitu- 
dinal sleepers rest directly on the rail bearers. 

Handrails. — A parapet of some kind must be provided to every 
bridge. 

Plate girders form their own parapet if they are high enough 
above the floor. 

If they are more than 2 feet above rail level they will also 
be fully 2 feet in the clear from any rolling stock ; but this is 
hardly enough for a man to stand in comfortably. In long 
bridges, therefore, some form of platelayer's recess should be 
provided at intervals along the bridge. In towns, overhead 
bridges crossing over roads must have a close parapet 4 feet 
6 inches high, by Board of Trade regulations, t.e., one which 
cannot be seen through. 

If the plate girder is not high enough, an additional parapet 
can be got by securing bent angle steels to the top flange of 
the girder, or the outer edge of plate stiflfeners of the girder, 

S.B. R 
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and fixing the necesBary width of plate to these to form the 
required parapet. 

If, however, the gilders are low, and consequeDtly are close to 
the rails, i.e., 4 feet 7 inches from the centre of 
the track, then ihe parapet and handrail should 
include a narrow side walk for a man, generally 
on top of the flange of the girder, and of coarse 
must project outside the main girders in accordance 
with Board of Trade regulations, being not lesa 
tlian 6 feet 7 inches from the centre of the 
track. 

Such a parapet might be formed of angle steels 
and a ligitt floor plate if necessary, outside the 
edge of the top flange of the main girdei's. 

I'late VI. shows such a parapet rail with platelayers' recesses at 
intervals. 
A parapet plate \ inch thick is secured to the outer side of the 
upright Tees and angles. 

Large span braced girders hardly ever 
occur over roads, in which case they do not 
need a close parapet, and the girders them- 
selves form ample parapet for safety when 
used in the through type of bridge. 

In over-bridges the edge of the bridge 
floor usually projects outside the main 
girders, and a handrail of some kind is 
required for the safety of platelayers, etc, 
This may be of open type. 
Kio 243 Figs. 242 and 243 show two types of 

upright, and no difficulty should be expe- 
rienced in arranging such a handrail so as to be both light 
and strong and also sightly. 
Some more types are shown under road bridge floors. 
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BO AD BRIDGE FLOORS 



In connection with this subject it should be remembered that 
this book only deals with steel work, and the theory of stresses 
in it, and not with the masonry or details of the road surface. 

Boad bridges differ from railway bridges in many essentials, 
the two principal of these are : 

(a) Loading. 

(6) Type of construction of floor. 

The general loading has been discussed under " loads " in 
Chapter XIL, and no further reference need be made thereto 
here except in working out examples. 

TYPES OF FLOORING. 

The following are some types of flooring in common use : 

(1) Transverse troughing. 

(2) Cross girders and longitudinal troughs. 
(8) „ „ and jack arches. 

(4) „ „ and buckled plates. 

(6) „ ,, and reinforced concrete slabs. 

(1) Transverse Troughing. — Such a floor is very similar to that 
in use in railway bridges. It is very common indeed for bridges 
for foot passengers or light loads, as for instance overhead passages 
or covered ways over railway stations or roads ; or for country 
bridges over railways, canals, etc., or anywhere where it might 
prove economical. 

Transverse troughs would usually be used with a narrow 
bridge made with two plate girders, which would serve as part 
parapets, or two heavy I beams, and would rest on the lower 
flanges of these girders. 

These troughs are fixed in exactly the same way as in railway 
bridges (Fig. 244). 

B 2 
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They must be protected first of all from wet, either hy asphalte 
or concrete. 

The usual practice is to clean them and then to fill them up 
solid with concrete. 

The top of the concrete is sloped as required to drain off 
any water that may leak through the road surface. 

The concrete should be turned up against the main girder 
and carried up above the road surface to keep the road metal 



from touching the main girder, and to protect it in the part where 
it will never be accessible for painting. 

On top of this con(*rete aurfaee the road metal or paving may 
be laid. 

The chief limitation of this type of floor is the enormous size 
of trough required for any but a narrow bridge and light loads. 

(2) Longiindhial Trougldiig. — This is much used for short spans 
by itself, merely laid across the span {Fig. 245), 

The troughing is laid across the span and requires no main 
girders. 

This is frequently the cheapest and best bridge for small 
spans. 

Each trough must of course be designed to carry the maximum 
load, since the load may be anywhere on the bridge, and is not 
confined to rails, as in a railway bridge ; and this leads to waste 
of material and heavy trough sections. 
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Bat where these can be got, and transport and handling are 
easy, they are economical. 

The troughs are filled with concrete as before, and the road 
surface is laid on top. 

The outside edges are generally provided with a face plate to 



give a finish to tlieir appearance, and a handrail of open type is 
fixed by using special standards of Tee or angle steel. 

They are especially useful in narrow foot bridges. 

Longitudinal Troughs with Cross Girders. — When the span is too 



long for the direct use of these troughs unsupported, they may 
be used with cross girders. 

This of course implies two main girders (or more), cross girders, 
and the troughs on the top of them. 

This and all other types of rtoor have cross girders, with some 
form of flooring resting upon them. 

In this type of fioor the troughs have only a span equal to the 
spacing of the cross girders. 
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The filling of concrete and general road formation is the same 
ae before, and the concrete base to the road should be turned up 
against the main girders. 

The drainage from the surface of the concrete will be towards 
the abutments, and the camber that is given to the bridge will 
help to throw off any water that may soak through the road. 

Fig. 216 shows such a bridge. 

(S) Cross Girders and Jack Arches. — This type also implies 
main girders and cross girders. 

The floor is placed on the cross girders by building jack arches 



Fig. 247. 
in between them. 

This is a very usual type of floor, almost universal before 
troughs came into common use. 

The jack arches may be of brick, or concrete, and generally 
spring from the lower flanges of the cross girders. 

The cross girders are spaced at a suitable distance apart, 
depending on the design of the arches, 4 feet to 6 feet, not more. 

If concrete is used, a mixture of 5 to 1 or 6 to 1 is good enough 
if properly made. 

The haunches should be filled in with 8 to 1 concrete up to the 
level of the crown of the arches. 

The axis of these arches is transverse to the bridge, and their 
thrust is lengthwise with the bridge. 

Some arrangement must therefore be made to take this thrust 
at the last cross girders, close to the abutments. 
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The end series of jack arches cannot be turned against the 
abutments because of expansion and contraction. 

One device employed is to turn the arches between the last two 
cross girders at each end of the bridge at right angles to the 
remainder, inserting between the 3ross girders short steel joists 
for the arches to spring from (Fig. 247, left half). 

This makes the end bays of jack arches rigid, to take the thrust 
of the other arches in the bridge. 

Another and simpler way is to provide strong steel tie bars 
running through the bridge from end to end. 

These pass through the webs of the cross girders and are built 
into the masonry of the arches. Where they pass through the 
web of a cross girder, they are secured to the web by backnuts 
on both sides of the web, and they can be adjusted accurately to 
the spacing of the girders. 

The thrust in jack arches is given by : — 

Pressure in lbs. per lineal foot of arch 

IV = load in lbs. per foot super. 
S = span of arch in feet. 
h = rise in inches. 

This pressure will give the stress which the tie rods have to 
take, and will decide their diameter and spacing. 

The tie rods should be placed as low as possible in the cross 
girders. 

Diagonal ties are also useful to steady the bridge. 

In building jack arches the ske whacks are formed of concrete, 
which should be thoroughly well packed against the cross girder, 
after cleaning the latter of all rust, scale, etc. 

The spandrel filling over the haunches of the arches is 
important, and should be of concrete or masonry filled in to a 
level with the top of the crown of the arch. 

(4) Cross Girders and Buckled Plates, — These are not often 

used. 

Road bearers or joists are required between the cross girders 
to support the buckled plates at their edges. 

They are covered with concrete in the ordinary way. 
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They may be secured to the bottom or top of the cross girders 
ot half-way up their web. 

(6) Cross Girders and Reinforced Floors, — The cross girders for 
these require no special remarks, and the slabs themselves do not 
come into the scope of this discussion. 

General. — The various common types of floor have now 
been enumerated, and a few examples are here given. 

The type of floor to be selected must depend on the nature of 
the circumstances and the type of girder chosen for use. 

Plate girders when set low enable parapet walls to be built up 
on their upper flanges. 

When set high up they serve as parapets themselves. 



Example. 

To design a floor for a narrow road bridge, having two main 
girders and transverse troughing. 

The floor is to be 14 feet wide with a 2-foot path on each side 
of a 10-foot road. 

The loads to be carried are all ordinary vehicular traffic. 

The road is made of. concrete laid 3 inches deep above the 
upper surface of the troughs, and good macadam above it. 
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Fig. 248. 



Fio. 249. 



The axle loads for a heavy traction engine are shown in 
Fig. 248. 

The back axle of this engine will be taken as the ruling load 
on one transverse trough. 

Live Load. — Fig. 249 shows an elevation of one trough over the 
span, with the wheels of the back axle of the engine placed upon 
it in the position of Max. Mb, i.«., with the centre of the span 
half-way between one wheel and the c. g. of the two wheels. 
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It is necessary to find the Max. M^ on the span for this live 
load. 

The reaction at ^1 



= 14 tons X 



6 feet 1^ inch 
14 ■• 



jggqrf ^urfiKt 



Hence the Mj^ which occurs under the wheel which is nearest 
the centre of the span, i.e., P, 
= 7i^ X 5 feet 1^ inch X 12 

= 14 X — —--^^— X 5 feet IJ inch X 12 inch-tons 

= * mch-tons. 
lb 

Now the road surface is to be of good macadam on concrete, but 
it is shallow, being only about 9 inches above the top of the trough. 

With a cone of dispei-sion of pressure having an apex angle of 
90°, the pressure still only distributes itself over one trough. 

The troughs to be used will probably have a pitch of 2 feet to 
2 feet 8 inches, and although they are riveted together, it is 
hardly fair to suppose 
that much of the load on 
the one trough is taken 
by adjoining troughs, 
certainly not until the 
one trough has deflected 
to a dangerous extent 
(Fig. 250). 

Hence we must assume 
that one trough is to take 
all the load itself. 

Compensation for Live 
Load, — The span of 
the trough is 14 feet, 
and Table XV. gives a 

percentage addition for this of 30 per cent, for main girder calcu- 
lations. 

The road surface in this case is to be good, but the troughs are 
to be transverse (to the bridge), an^ are placed in the worst 
possible position for impact. 




Fig. 2oO. 
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An extra addition to the percentage given in the Tables will 
therefore be made, i.e., 15 per cent, addition, making 46 per cent, 
in all. 

Hence Max. Mb due to live load 

_ 6,043 145 
"16 100 
= 461 inch-tons nearly. 

Dead Load. — This consists of the concrete and road metal on 
one trough, and the weight of the trough itself. 

Assume the trough to be 2 feet 8 inches wide and 1 foot deep, 
weighing 30 lbs. per foot run. 

Then the weight of the trough = 420 lbs. 

Weight of the concrete from the bottom of the trough to 8 
inches above the top 

= 9 inches X 14 feet X 2 feet 8 inches X 120 
= 3,360 lbs. 

Weight of road metal over the concrete 6 inches deep, at 
110 lbs. per foot cube, 

= 6 inches X 14 inches X 2 feet 8 inches X 110 lbs. 

= 2,063 lbs. 

Therefore the total dead load = 5,833 lbs. 

Therefore M^ due to the dead load 

8 

5,833 ^ 14 X 12 . , , 
= 2,240 ^ — 8"~ ^^«h-^^^« 

= 54-70 inch-tons. 
This is at the centre of the span. 

But the Ms at P, the point where the greatest Mr due to 
the live load occurs, may be taken as 54 inch-tons. 
Therefore total Max. Mb = 505 inch-tons 

= Mb 

y 

Allowing / = 7 tons per square inch, 

then • = 72. 

y 

Reference to Tables shows that a trough 2 feet pitch, 1 foot 



EOAD BEIDGE FLOOES 



251 



deep, with J inch flange. thickness weighing 28'78 lbs. per foot 
run, has a section modulus of 72*67, and this will suffice. 

Example. 

To design an overhead passenger footbridge, with longitudinal 
troughs resting on cross girders which are supported from two 
open lattice girders (Fig. 251). 

The span is 89 feet. 

The bridge is approached by steps at one end. 

The width of the footway is 8 feet. 

Live Load. — The load to be considered here is only that of 




I 

OranoliOue surfhce . 



Concrete 
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Fig. 251. 
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people, since one approach is by steps which will not permit any 
other form of traffic. 

The actual weight of people here will be very great, and we 
shall take it as 80 lbs. per square foot, which must be corrected 
for impact. 

Now the spacing of the cross girders may be assumed to 
divide the span into three, giving a span of 13 feet to the 
troughing. 

For a span of 18 feet, the percentage for compensating live 
load from Table XV. is 39 per cent. 

This is the addition for main girders ; 50 per cent, might be 
taken as a fair total percentage addition here, for the floor 
calculations. 

Hence the equivalent dead load = 120 lbs. per foot. 
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Therefore the total load on the bridge 8 feet wide per bay of 

18 feet 

= 8 X 18 X 120 lbs. 

= 12,480 lbs. 

Dead Load, — A very light section of troughing is assumed. 

Eeference to Tables shows a trough 1 foot wide 4 inches deep, 

weighing 18*4 lbs. per foot run, which seems suitable. 

Its section modulus is 4*92. 

The weight of such troughing for the whole width of bridge is 

= 8 X 18-4 X 13 lbs. per bay of 18 feet 

= 1,894 lbs. 

The troughing is to be filled in with concrete to 8 inches deep 

over the top of the troughing, with a rise of 1 inch in the middle 

of the pathway to throw water off. 

The average depth of concrete will be 6 inches approximate. 

Hence the weight of the concrete at 120 lbs. per foot cube 

= 1 8 feet X 8 feet X 6 inches X 120 lbs. 

= 6,240 lbs. 

Therefore the total dead load = 7,634 lbs. 

And total load altogether = 20,114 lbs. 

-^ ,^ 20,114 ^ 18 X 12 ^ 1 . , 

. • • Max. Mb = -^240 — 8 — ^ 7 ^^ ^^® trough 

= 25*0 inch-tons = Mr = / - 

. • . - = 8'6 if / be taken as 7 tons. 

Hence the trough selected will suflSce ; it is nearly the lightest 
made, and is on the safe side. 

Eeference to Fig. 251 will show that only seven troughs are 
really used, not eight, although the bridge is taken as 8 feet in 
width. 

In the construction a ballast board should be provided for the 
edge of the concrete, about 4 inches clear of the main girders, so as 
to allow access to them for painting. These would consist of 
7 inch X 8 J inch X | inch angles, riveted to the troughing with 
J-inch rivets. 

Kainwater gutters would be formed in the sides of the path- 
way in the concrete, inside the ballast boards. 
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There should be a slight camber in the floor from the centre 
towards the ends, which would be obtained by setting the two 
central cross girders 1 inch higher than the two outer ones, by 
the use of packing pieces under them. The camber of the main 
girders also assists the slope for the rapid flow of water off the 
bridge. 

The rainwater gutters should end in small circular gratings 
set in the concrete, and rainwater pipes led down the upright 
supports of the bridge. 

Fig. 251 shows a section through the floor. 

The surface should be granolithic, or similar. 

Cross Girder. — The total load on one cross girder is that due 
to one complete bay of flooring. 

= 20,114 lbs. 

This is distributed along the cross girder, 

Wl 

8 . 



Hence Max. Mb = 



- 20^114 ^ 8 X 12 
^ 2,240 8 

== 107'7 inch-tons. 

This requires a section of cross girder having 

I _ 1077 

y 7 

= 15-4. 

A trough might be used for this, 8 feet long, 1 foot 4 inches 
wide X 6J inches deep, weighing 28 lbs. per foot run and having 
a section modulus 17*50. 

Example. 

To design a road bridge with an 18-foot roadway, and two 
pathways of 4 feet each, for a span of 45 feet. 

The bridge will be an overbridge, the pathways projecting over 
the main girders as cantilevers (Plate VII.). 

The bridge will take all ordinary vehicular traflBc. The floor 
will be of cross girders and jack arches of brick in cement mortar, 
with a macadamised roadway on the top. The spandrel filling 
will be of concrete. 
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The two main girders will be under the inner edges of the 
pathway, so that the span of the cross girders will be 18 feet. 
These will be spaced 5 feet apart centre to centre. 

CROSS GIRDERS. 

Live Load. — The ruling live load on cross girders will be the 
heavy axles of traction engines or loaded trucks. 

These may be taken as 16 tons per axle with a wheel track of 
7 feet. 

The bridge is wide enough to allow two streams of traflBc, so 
that two such axles may be on the 
cross girder at the same time. //5I «% J^Se 

The percentage to be added to I I 



live loads for girders of 18-feet \~^, T": ' ^ — I 
span (from Table XV.) is 27 per ""-".....v/^.o- ^ 

cent., and since these girders are ^^^ ^.^ 

in the floor, an extra 13 per cent., 

or a total of 40 per cent., must be added. 

This makes an equivalent dead load of 22*72 tons for each 

axle. 

The loading is shown in Fig. 252. 

R^ = 22-72 tons. 

Max. Mb = (22-72 X 9 — 11-36 X 7) X 12 

= 124-96 X 12 

= 1499-52 inch-tons. 

Dead Load. — The jack arches are assumed to be 12 inches deep 

at the crown, with 6-inch rise (Plate VII.). 

The spandrel filling is of concrete and is made level with the 

crown of the arch. 

Therefore the weight of brickwork and concrete, taking them 

at 120 lbs. per foot cubed, on one cross girder 

120 
= 18 feet X 5 feet X 1 foot 3 inches X -^^,^ tons. 

2,240 

And the road surface is 15 inches above this in the centre, 

hence the metal of the road will weigh, taken at 110 lbs. per 

foot cubed, 

18 inches X 15 inches X 5 feet X ^ ^y^ tons. 

2,240 
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The weight of the cross girder itself may be neglected. Hence 
the total dead load 

= 11"56 tons. 
Wl 



The Maj;. Mg = 



8 
11-55 X 18 X 12 



8 
= 311*8 inch-tons. 

Therefore the total Max, M^ due to dead and live loads 

= 1,811 inch-tons. 
This is too large for a rolled section of standard size, and a 
built-up beam will be used, having : 

Mji or fad = 1,811 inch-tons 
If /= 7 tons 
ad = 258-8. 

Let d = 20j inches (the odd depth is to suit the pitch of 
rivets), 

then a = 12*8 square inches. 

For the flange use two 4|-inch X 4j-inch x |-inch angles, 
and deduct for two ^J-inch rivet holes for 1-inch rivets. 

The a for the two angles 

= 2 inches X f inch X 6J inches 

= 7 '82 square inches. 

Also use a 9 J-inch x f -inch flange plate ; then deducting two 
rivet holes, a = 5*44 inches. 

This makes a total area of 13*26 square inches. 

This will suffice for the whole cross girder. 

Shear. — It is necessary to test for the number of rivets 
required to resist horizontal shear, i.e., to connect the flanges to 
the web. 

The vertical shear at the end of the girder 

=3 J dead load + weight of one engine 
= 1^ + 22-72 

= 28-49. 

Assuming 1 inch rivets at 3J inch pitch, there will be six of 
them in the depth of the cross girder. 
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The web plate is f inch thick, and therefore the resistance to 
bearing of these rivets will be 

= 6 inch X f inch X 1 inch X 8 tons (?• = 8 tons) 
= 30 tons, which is suflBcient. 

This will also have to be the pitch horizontally. 

This pitch will be carried to a point about 3 feet 6 inches 
from the end of the girder, Le.y to the fourteenth rivet. 

At this point there will be a stiffener and a joint in the web 
plate. The reason of this joint will be stated later ; the stiflfener 
i9 about under where the outer wheel of a passing engine will 
generally be. 

Beyond this point the pitch may be increased to 4 inches in a 
horizontal direction. 

Stifeners, — One is provided near the end of each girder, and 
two in the middle portion of the girder. 

These are made of 6-inch x 4-inch Tee steels. 

They are merely standard stiflfeners. 

The masonry, &c., will stiffen the girders a great deal. 



PATHWAYS. 

These are to be 4 feet wide. 
The load is people crowded. 

The table of floor loads gives the load due to people as 100 
lbs. to 150 lbs. per foot super, for public halls, etc. 
This is already converted into equivalent dead load. 
It will here be taken as 120 lbs. per square foot. 
Therefore the total equivalent dead load due to people 

= 120 X 4 X 5 lbs. 

= 2,400 lbs. on the end of each cross girder. 

The M^ = ^^ 

_ 2,400 4X 12 
— 2,240 2 

= 26 inch-tons. 

Detail of Design. 

The cross girder is carried out to form a cantilever to carry 

S.B. s 
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the path. The depth of this cantilever is increased so as to 
bring the pathway up to the required level. 

The pathway is to consist of a slab of concrete 4J inches thick 
with a curb of concrete 4 inches thick resting on the top of the 
arch crown and spandrel filling, and an outer facing lintel of 
concrete 9 inches deep and 4 inches thick, reinforced with steel 
bars, and supported at the ends on steel brackets, 4 inches X 
4 inches X i inch. 

The floor slab rests on two angles, 3J inches X 3J inches X 
J inch which form the upper flange of the cantilever and are 
placed inverted so as to be of use as supports to the concrete 
slab. 

The web of this cantilever portion of the girder is the same as 
the web of the cross girder. The same plate is carried through 
between the end angles of the cross girder and is continued to the 
end of the cantilever. 

This involves cutting a re-entrant angle at C (Plate VII.)> and 
it is therefore desirable to make a joint in the web at some 
point near to the end of the cross girder so as to avoid a lot 
of cutting to waste. 

A joint is, therefore, made at the first stiS'ener, 3 feet 6 inches 
from the end. 

The lower flange angles of the cross girder are also carried 
through beyond the end of the main cross girder, and are bent 
upwards to form the lower flange of the cantilever portion. At 
the end they are again bent up into a vertical position and one 
of them is carried up as a post for a handrail, the other being 
cut off at floor level. 

The end of the cross girder is formed by two upright 
angles 4 J inches x 4 J inches X % inch, which lie outside the 
angles of the lower flange of the cross girder, pass between the 
angles of the upper flange of the cross girder, and are then 
carried up to embrace between them the 8J inches X 3J 
inches X J inch angles of the upper flange of the cantilever 
portion. 

This cantilever portion is amply strong in itself. 

Calculations. 

It has been found that the M^ at A is 26 inch-tons. 
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The depth of the cantilever at the section A B ibS^ inches. 
Now Mr = fad = 26 

.•./a = ^ tons. 

This is the horizontal tensile force in the upper flange of the 
cantilever. 

This is resisted by the strength of the upright angles forming 
the end of the cross. girder to resist cross breaking at 0. 

This force at A will cause a M^ round C : — 

26 , ,^, . , 
= 09 X lb inches 

= 13 inch-tons. 

The strength of two 4J-inch X 4J-inch X f -inch angles to 
resist cross breaking is 42*42 inch-tons. 

They are, therefore, strong enough. 

It is necessary also to ensure that these two angles are held in 
an upright position sufficiently firmly by the rivets which attach 
them to the web of the cross girder. 

In Plate VII., the pull to the left on the upright angles is 

26 

applied at A and is ^^ inch-tons. 

There are four rivets that may be considered as holding these 
angles upright to the web, so as to resist such a pull, i.e., those 
marked k, k, k, k. 

These have a mean lever arm round B of 12 inches. Hence, 
if Fi be the maximum safe pull to the left at A the top of the 
upright angles, 

then Ft X 32 inches = strength of four rivets in bearing X 

12 inches 
. • . Ft X 32 inches = 4 inch X 1 inch X f inch X 

8 tons X 12 inches 
Ft = 7'5 tons nearly. 
This is much in excess of what has to be resisted, and the uprights 
are therefore safe. 

A J-inch ballast plate is secured from one cross girder to 
the next at the ends, to cover the ends of the jack arches. It is 
riveted to the end angles of the cross girders. 

The cross girder w^ll be fixed to the girder underneath it by 

s 2 
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I 

two bent plates or angle brackets, which will serve to keep it in 
position. 

The rivets on the main girder under the cross girder end will 
be countersunk, so as to give a lElat bearing. 

Tie bars through the arches are not shown. These will have 
to be calculated from the thrust of the arches, and present no 
diflSculties (formula, p. 247). 

The design is shown complete in Plate VII. 



CHAPTER XVI 

PRINCIPLES OF DESIGN OF BRIDGES 

All bridges are divided into two general classes, over-bridges 
and through-bridges. 

Over-bridges are those in which the flooring for a railway, or 
roadway for a road bridge, is carried on top of the girders. 
These are sometimes called ^' under-bridges." 

Through-bridges are those in which the flooring and roadway 
are carried between the girders. 

The choice as to which of the two is to be used depends 
entirely on the circumstances of the case, and principally on the 
question of headroom, or height. 

By headroom is meant the clearance required under the bridge 
or over it. 

A railway bridge crossing a road must have a certain amount 
of clearance underneath the lowest part of the bridge, i.e., under 
the main girders. 

In such a case the floor would be placed between the girders 
so as to avoid carrying the track or roadway higher than 
necessary, involving higher banks for the approaches to the 
bridge, etc. 

The same would apply to a canal or river crossing, or over 
another railway. 

It sometimes happens, too, in large cities that there is another 
line of railway crossing above the bridge on another bridge 
which makes it necessary to save every inch of headroom, and to 
keep the bridge floor as low as possible, so that its underneath is 
flush with the underneath of the girders. 

On the other hand, a road or railway line may be descending 
in a cutting to a river crossing, in which case the road or floor 
would be carried on top of the girders in order to save going 
lower than necessary. 
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Generally speaking, the main girders of under-bridges or over- 
bridges, which are the same, are closed in together somewhat, 
coming more immediately under the heaviest loads, and thus 
greatly reducing the span and weight of flooring, especially in 
double-line or four-way bridges. 

TYPES OF BRIDGE FOR DIFFERENT SPANS. 

For very small spans troughs may belaid longitudinally across 
the interval to be spanned, with a light face plate at each side for 
sake of appearance (Plate VIII.). This is in reality merely one 
bay of flooring laid across the gap. 

For slightly larger spans, where there is enough headroom, 
I section rolled steel beams might be placed under the rails, 
suitably braced up against overturnmg. A light plate floor 
attached to the top flanges would complete the bridge. 

For spans of 20 feet to 80 feet, such as are the majority of 
bridges on a line of railway, plate girders are the most economical 
and the best. 

For spans of 60 feet upwards braced girders are common, 
being used almost entirely for spans of 80 feet to 250 feet. 

Other types exist, each having its own particular advantage. 

MOMENT OF RESISTANCE. 

The Mji diagram of loads is a parabola (approximate). 

The Mji is always = fad. 

Now /is fixed for the material under consideration, and a and 
d are the two variables. 

As the design of bridges grew, the practice of increasing d to 
meet the increase on M^ towards the centre of the span became 
very common. 

It is obvious, that if a be kept constant, then d will vary 
as the ordinates of a parabola in oider to keep the Mr exactlj^ 
equal to the Mb* 

The variation of d results in the type of bridge known as 
the '* bowstring girder," in which the shape of the girder is the 
same as that of the M^ diagram. 

This is theoretically the most economical design, no web or 
bracing being necessary ab all under a uniform load. 
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THREE MAIN GIRDERS. 

In railway bridges for double line three main girders are 
generally used up to spans of 40 or 50 feet. 

This is more particularly the case when the headroom is 
limited, as with three girders a comparatively shallow transverse 
trough floor resting on the bottom booms of the main girders is 
sufficient to take the traffic of each line. 

When more headroom is available, an excellent bridge is 
formed with three high main girders and cross girders, and light 
longitudinal troughs. 

It is evident that for spans up to 40 or 50 feet a saving 
will always be effected by using three main girders in preference 
to two, as although the total weight of the main girders is 
increased, there is more than a corresponding diminution in the 
weight of the floor. 

Beyond these spans it is generally more advantageous to use 
only two main girders with trough flooring, or with cross girders 
and longitudinal troughs, or with cross girders and rail bearers 
and plate floor. 

It must be remembered that in using three main girders 
the width of the bridge will have to be increased if the main 
girders extend more than 2 feet above rail level. They should 
be kept down below this if possible. 



POSITION OF FLOORS. 

The circumstances of the case will influence and limit the 
design very much, leaving little choice to the engineer. 

Either headroom is all important, in which case the floor 
members will be on the lower flange of the girders ; or, as in the 
Colonies, or in any new country, when crossing a gorge or river, 
or on an ordinary high viaduct, headroom does not matter and 
the roadway may be carried on the top of the booms. 

In the former case, whatever the floor consists of, the ends 
of the troughing or cross girders will nearly always rest on the 
lower flange of the main booms. 
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This does undoubtedly produce a torHioaal stresa on the 
flange of the boom, which is met by making the flange amply 
strong. 

Sometimes an extra large angle steel is used in the lower 
flange, and where cross girders are used a stiffener is brought 
down on to the top of each. 

The cross girders may sometimes be fixed a part of the way 
up the main girders, being attached to the web by riveting their 
ends on to angle brackets 
(Fig. 254). 

When the floor rests on " 
the top of the main booms, 
there is no difficulty in ob- 
taining a bearing, and this 
is the most satisfactory 
method when it is possible 
to use it. 

It is sometimes found ■ 
necessary to fix cross girders . C/aaca 

underneath the main boom. 
This is done by " hangers " 

or "suspension plates" or Mclatv 

bolts (Chapter XIV., 
Floors). 

ENGINE LOADS. 

In a previous chapter the - ^ 

relative advantages of the '"' '' ' 

two methods for finding the Max. M„ due to engine loads have 
been considered. 

These are :— 

(a) The uniform equivalent load method, in which the equi- 
valent load is taken from Table XVI. for any modern engine ; or 
if this table ia unsuitable, and any particular type of engine 
has to be considered, the uniform equivalent load can be 
worked out for that particular engine for all spans. 

(b) The method of separate wheel loads. 

In both the foregoing methods the calculations are made 
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as if the wheel loads or rails were immediately above the main 
girders, which is not the case. 

We have therefore to consider how the deductions are affected 
thereby. 

Transverse troughing transfers the loads to the main girders 
very much as a real uniform load. 

Gross girders close together do so also, though not to such a 
great extent. 

Cross girders far apart do not; in fact, in such cases the 
main girders should theoretically be considered as under a 
uniform dead load, due to their own weight, and a number of 
concentrated loads due to the cross girders. 

This is done in the case of braced girders, the loads 
occurring at the cross girders, or panel points. 

If the case be treated thus, of course the stresses can be dealt 
with more economically than by any other method. 

In practice the difference is small, and for all ordinary 
cases the load may be considered as transferred very much 
as a uniform load to the main girders. 

SPACING OF CROSS GIRDERS. 

With braced girders the cross girders will nearly always be 
at the panel points and their spacing will therefore be a matter 
depending on the design of the girder to a great extent. 

With plate girders, there are no panel points to consider, and 
the spacing of cross girders will depend entirely on the spacing 
of the wheel loads. 

In the first place it is always undesirable to place a cross 
girder at the centre of the span, since this tends to give an 
increased M^ on the girders. 

Further, the object of spacing cross girders close together 
is to reduce the weight on each ; hence it is clearly useless to 
place them closer together than the spacing of the axles of the 
heaviest locomotive, since in any case each cross girder has got 
to carry the heaviest axle load. 

Let L be the distance apart of the heaviest axles of the 
heaviest locomotive. 

Then if the cross girders are L feet apart, they will transfer 
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a weight equal to the heaviest axle to the main girders at 
points L feet apart. 

Now let W be the weight per foot run of the engine, i.e., the 
equivalent load per foot from Table XVI. ; then the weight on 
each cross girder due to this load will be W X L, and each cross 
girder will transfer a load of W X L to the main girders at 
points L feet apart. 

Hence if this load TF X L be not greater than the heaviest 
axle load, L will be the minimum spacing for the cross girders. 

Assume that two pairs of driving wheels of 18 tons each 
are 7 feet apart, and the uniform equivalent load for the span, is 
2*67 tons per foot run. 

Then we equate the two :— 

L X 2-67 = 18 
.•. L = 6-7 feet. 

This spacing thus found is less than the spacing of the 
heaviest axles. 

Seven feet is therefore the most economical spacing. 

This is not quite accurate, but very nearly so. 

If the uniform equivalent load is very small, Le., in the case 
of long spans, the spacing might be increased, for increasing the 
spacing will only slightly increase the load on one cross girder, 
due to the actual axle loads, but will bring up the uniform 
equivalent load per cross girder, so as to equal it. 

But as a general rule, considerations of skew, length of span 
and spacing of axles of engine will decide this matter. 

In practice 1 to 1^ times the spacing of the heaviest axles is 
the best arrangement. 

SKEW. 

When the skew is a very flat one, i.e.\ the obstacle to be crossed 
is nearly at right angles to the line, there is no need to make any 
special arrangements. 

The gap is treated as a square gap ; that is, although the face 
of the abutment is not at right angles to the centre line of the 
bridge, still the one girder is given a little more bearing than the 
other, either on one abutment or the other, so as to bring the 
bridge floor square. 
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This 18 more particularly 80 in the case of narrow or eingle 
line bridges (Fig. 255). 

Of course, the wider the bridge the more waste ot girder is 
entailed by this method. 

This is even more common in the case of braced girders tbao 
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of plate girders. In braced girders it is of very great importance 

to get panel points opposite to one another, and the method of 

giving one girder more bearing than the other is the only method 

of doing 30 in eases of slight skew. 

Plate girders are easier to deal with inasmuch as they have 

DO panel points and 

cross girders may be 

fixed to them anywhere 

(Fig. 256). 

They may therefore 
either be given an un- 
equal bearing, as des- 
cribed above, or an equal 
bearing (Fig. 2E6), in 
which case, whether 
troughs or cross girders 

are used, they may be 
Fic. asfi. . . . V. . , .. 

put straight mto the 

floor, without reference to the skew, i.i'., at right angles to the 

main girders. 

When the skew is steeper, or more accentuated : — 

It may be possible in this case, with braced girders, to get 

No. 2 panel of one girder to fall opposite to No. 3 panel of the 

other girder (Fig. 257). 
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This arrangement may necessitate moving either girder a little 
forward or back on its bearings so as to bring the panels exactly 
opposite to one another (Fig. 260). 

Where a three-girder bridge is under consideration, it may 
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Fig. 257. 



happen that No. 2 panel of one outer girder comes opposite to 
No. 3 panel of the other outer girder, in which case the cross 

girder will obviously 

'' ^ " " girder exactly half-way 

between two panel points 
(Fig. 258), 

The centre girder may 
therefore either be de- 
signed to carry the cross 
girders in this position, 
or may be made with a 
different series of panel 
points to the outer gir- 
ders. 

For example, in the 
former case, suppose the girder were a Warren type, as in Fig. 
259, then obviously 





tie. bar. 



midway between two 

panel points of the 

lower boom is exactly 

underneath a panel '^craa^ ^wJer 

point in the upper ^'^^- ^59. 

boom, so that if a tie bar were introduced to transfer the weight 

pf the cross girder to the upper boom, the object in view would 
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be achieved, and there would be no bending moment on the lower 
flange. 

Introducing a cross breaking stress on to the lower flange is, of 
course, most undesirable. 

In other cases a double system of triangulation might be used, 
or the centre girder might have a half-sized panel at either end. 
This would bring the panel points of the centre girder opposite 
those of the outer girders. 

To summarise, therefore, for short spans up to 60 feet, it ia 
simplest to use plate girders and then no further difficulties 
occur. All girders have an equal bearing, and the floor is just 
the same as for square abutments. 

There will be a few members of the floor that do not run the 




Fig. 260. 



whole width of the bridge, just near to the abutments, but which 
will have one end resting on the abutment. 

But for braced girders for longer spans, exceeding 60 feet, 
either a little of each girder must be wasted by giving extra 
bearing at one end or the other, and getting them level in this 
manner, or the type of girder and the panel length must be 
arranged so as to bring the panel points opposite to one another. 

For spans of 100 feet and over it is very seldom that skew 
spans will occur. 

In all cases of skew it is obvious that one end of each girder 
will be slightly less heavily loaded than the other and should the 
skew be at all steep this will have to be allowed for ; e.g., in 
Fig. 260, girder AB has half the total weight on cross girder bb' 
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to carry, near B, whereas at Xit has only half the total weight on 
the cross girder XX!. This causes a certain amount of reduction 
of stress at one end of each girder. 

Unless the amount of metal saved by considering this reduction 
of stress is considerable, it is more economical to disregard it. 

In a populated country such as England, the numbers of square 
and skew bridges are about equal. In new countries skew bridges 
are exceptional. 

TROUGHING. 

The various kinds of troughing may be divided into " transverse " 
and "longitudinal," a distinction depending entirely on the method 
of their use and not on their form. 

Transverse. — When the width of the bridge is not great, 
troughs may be used transversely to the bridge. That is to say, 
that if the span of the troughs is not great, they are useful, but 
if the span is great, the depth of section required would lead to 
too heavy troughs, and they would not be economical. 

Broadly speaking, troughs, transverse to the bridge, are used 
in the floors of bridges with three main girders, the span being 
small, and they are not used with two main girder bridges, as the 
span is too great. 

Some railway companies do not use troughs at all, or very 
rarely. 

Road an Troughs. — When transverse troughs are used, a great 
diversity of opinion exists as to whether an ordinary ballasted 
road with cross sleepers should be laid or whether the rails 
should be laid without ballast resting on longitudinal timbers, 
secured on the top of the troughs. 

A floor laid without ballast has the following advantages : — 

(1) There is less dead weight to carry. 

(2) The load of the axles of the locomotives is a little better 
distributed on to the troughs through longitudinal timbers 
than on a ballasted road with cross sleepers. 

(3) Rainwater runs away more quickly. 

(4) The condition of the floor can easily be seen, and it can 
easily be painted or attended to as required. 

The advantages of a ballasted floor are : — 

S.B. T 
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(1) There is no break in the ordinary permanent way, which 
is a great advantage, especially in the matter of the creep of 
track. 

(2) It is not quite so dangerous as an unballasted floor in the 
case of a locomotive leaving the track. 

Flexible Road and liigid Road. — A rigid road is one in which 
the rails are absolutely fixed to the floor of the bridge, and 
cannot creep with the rest of the permanent way. 

When longitudinal timber sleepers are used, the rails are 
secured through them to the members of the floor, and cannot 
move ; this is a rigid road. Care should be taken to see that it 
really is rigid if this type is adopted. 

The alternative is to lay ballast on the bridge, and to lay the 
cross sleepers on the ballast in the same way as off the bridge. 
The rails have the same expansion allowance as the rest of the 
track, and they can also creep with the rest of the track. In the 
case of rigid track, platelayers are continually pulling the track 
back at the ends of the bridge, and much trouble and risk of 
bad work is caused. 

For these reasons it will be found that nearly all engineers 
prefer the flexible road, i.e., one having no rigid connection to 
the bridge. 

DISTRIBUTION OF LOAD. 

The question of the amount which each trough has to carry is 
a very important one. 

For instance, suppose that there is 17*5 tons on an axle which 
is over the centre of a trough, how much of that load comes on 
to that trough, and how much on to adjacent troughs ? 

It is evident that if the axle were placed on the trough without 
the intervention of rails or sleepers, the one trough would have 
to carry almost all the load, as the connection between troughs 
is not stiff enough to allow adjacent troughs to help much. 

But when there is a rail between the load and the trough, 
and also a longitudinal sleeper, the question is quite changed. 

The amount of load which the trough will then have to 
carry varies inversely as the stiffness of the rail and the longi- 
tudinal sleeper. 
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The rail and sleeper distribute the load over adjacent troughs. 
The amount of this distribution varies with the kind of rail and 
trough, and depends a good deal on the state of the permanent 
way. 

Not very much has been written on the subject of this distri- 
bution, probably because it is rather indefinite. 

But many engineers assume that with cross sleepers the load 
is distributed over three sleepers, and it can be proved that 
with a locomotive on a transverse trough floor, with longitu- 
dinal sleepers, and troughs at 2-feet pitch, not more than three- 
tenths of the load on an axle can come on any trough even 
in the worst case, and in the case of a ballasted transverse trough 
floor, with troughs 1 foot 8 inches pitch, not more than about 
seven-twentieths of the weight of one axle can come on a single 
trough. 

It has, therefore, been assumed for the bridges that are con- 
sidered in this book, that half the load on one axle is the 
maximum that need ever be provided for on any one trough, 
when the pitch of the trough is not less than 1 foot 8 inches 
and not more than 2 feet 4 inches, and this assumption will 
probably in most cases be on the safe side of what actually 
takes place. 

While making this assumption it should not be lost sight 
of, however, that the amount of the distribution depends greatly 
on the nature of the troughs, and the rail and sleepers, and 
is evidently greater with longitudinal sleepers than with cross 
sleepers. 

When a ballasted floor with transverse troughs is adopted the 
ballast is generally spread so that there shall be a minimum of 
8 inches of ballast between the surface of the trough and the 
bottom of the sleeper. 

Some bridges, when the headroom is extremely limited, have 
the sleepers laid in the troughs with about 8 inches of ballast 
between the bottom of the trough and the bottom of the sleepers. 

By this means about 8 inches or 9 inches can be saved in head- 
room, but unless absolutely necessary this method ought not to 
be adopted, as if there is any defect in the drainage of the troughs 
the sleepers rot quickly ; they are also more difficult to renew, as 

I 2 
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they cannot be drawn out sideways ; a rail has to be lifted to get 
the skeper out or in. 

One great difficulty in transverse trough floors is to make them 
watertight at their junction with the main girders. 

LONGITUDINAL TROUGHS. 

These can be used on the top of cross girders when headroom 
is not of importance. They are generally of small span, and are 
therefore very shallow in section. 

With cross sleepers the distribution of loads upon these is 
much the same as that in the case of transverse troughs with 
longitudinal sleepers. It is taken as the same in this book. 

DRAINAGE. 

The drainage of floors is very important. 

It is essential to collect the water that soaks through the 
ballast and lodges on the floor in rainwater pipes and to take 
it away properly. If it be allowed to drip it will ruin any road 
underneath the bridge. 

In towns, a light iron roof is sometimes hung under the bridge 
to take away drippings due to rain or condensation from the 
bridge floor to the sides of the road. 

Trough floors are drained by sloping them one way and collect- 
ing the water in ordinary guttering. 

It is, however, found that floors leak in every possible 
place, and recent experiments in covering floors with concrete, 
asphalte mastic, felt, etc., have not been very successful. The 
concrete adheres well but is liable to fracture by cracks. Asphalte 
adheres badly, unless the steel is scrupulously clean. 

In English practice the troughs are usually covered with 
I inch of bituminous compound, if they are to be ballasted. 

This impervious layer should be turned up at the sides to pre- 
vent water that collects from reaching the naked steel. 

Plate floors are often covered with a 2-inch layer of concrete 
and I inch of asphalte, and then again 1^ inches of concrete on 
top of this. The latter is merely a physical protection to the 
asphalte underneath. 
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To obtain the best condition of steel for adhesion the sand 
blast should be used. 

Reinforced concrete floors, which are now being largely tried in 
America, are giving better results than previously, and are cheap, 
noiseless, and watertight. 

In both single- and double-track bridges the concrete has been 
used by forming it into trough shape across the tops of the main 
girders, and in some cases it has been cantilevered out beyond 
the girder to form a sidewalk. 

In through-bridges, or bridges where the floor rests on the lower 
flange of the main girders, the concrete has been carried on the 
top of rolled steel joists, spaced about 18 inches apart and resting 
on the bottom flanges of main girders, the concrete being from 4 
inches to 5 inches thick, and having in it ^-inch rods running 
transversely to the cross girders. 

In the former case the trough is filled with ballast and the track 
is laid in the usual way. 

In the latter the concrete floor is splayed up against the main 
girders to form a ballast board, and is covered with ballast in the 
ordinary manner, a layer of asphalte being usually placed over 
the concrete before ballasting. 

Such floors seem satisfactory, and are quite watertight. There 
is undoubtedly a great future for this type of construction in 
floors. 

STRESSES. 

Good steel shows very little grain. It will stand the same 
tensile test across the direction of rolling in the mills as with it. 

Plate steel for bridges is usually specified to break with a 
tensile stress varying from 27 tons per square inch to 32 tons per 
square inch. 

The elastic limit for steel is reached at about 15 tons per square 
inch. 

Some engineers allow as low a factor of safety as 2 in the 
calculations of main girders ; 3 is, however, better practice. 

When live load is compensated for by the addition of a per- 
centage from Table XIV., the following safe stresses may be 
adopted for calculations : — 
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Main Girders. — In tension or compression, 7 to 8 tons per 
square inch. 

In shear, 6 to 7 tons. 

In bearing, 8 to 10 tons. 

The lower values are usually taken for rivets. 

Cross Oirders. — In tension or compression, 6 to 7 tons per 
square inch. 

In shear and bearing, as for main girders. 

When no percentage is added to the live load, but actual wheel 
loads are taken, the following safe stresses should be used : — 

Main Oirders, — In tension or compression — 

Up to 20 feet span, 5 to 6 tons. 

From 20 to 50 feet span, 5^ to 6^ tons. 

From 50 upwards, 6 to 7 tons. 

In shear, 4*8 tons per square inch. 

In bearing, 6*4 tons per square inch. 

Cross Girders. — In tension or compression, 4^ tons per square 
inch. 

In shear and bearing, as for main girders. 

Two values are given above in each case. 

Which is to be adopted depends on the opinion of the engineer 
concerned. 

Whether 5 or 6 tons per square inch be accepted as correct 
means a difference of 20 per cent, in the weight of the girder. 

The engineer will frequently have to be guided by local 
regulations or laws, or by the nature of workmanship expected. 

If the gauge of the line be very narrow, high speeds are 
not possible, and the higher value may, perhaps, be taken, 
since the shocks are not very great. If, however, the bridge 
is near the entrance to a station where the engines will cross 
it with the brakes hard on, the shocks on the bridge will be 
much increased and the lower value should be used. 

Each case must be decided on its own merits. 

STIFFNESS OF FLANGE. 

When flanges are very wide, it is desirable to have an extra L 
steel under the outer edges of the flange plates to prevent them 
buckling, as their edges are somewhat weak. 
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Plate stififeners tend to promote stiffness of the flange as well 
as the web. 

Rivets also, by keeping the different plates that they join close 
together, promote stiffness. 

Rivets should never be more than 4 inches apart in the 
compression flange of any girder. 

STIFPENERS. 

These are required to support the web of plate girders and to 
prevent it buckling ; also to give general rigidity to the girders 
and to their junction with the bridge flooring. 

Stiffeners consist practically of vertical T steel stiffening 
brackets carried on both sides of the web of a girder. 

They are sometimes made of T steels alone bent to fit the 
shape of the web and flanges, and sometimes of two angle steels 
placed back to back and similarly bent. 

A stronger class of stiffener called a plate stiffener is often used, 
consisting of two angles bent as described above, but having a 
plate between them which extends out flush with the edges of the 
girder and adds greatly to their strength. 

SPACING. 

In small spans up to 50 or 80 feet, stiffeners are generally put 
in without making any calculations. They are seldom, except in 
girders of very short span, put more than 6 or 7 feet apart, and 
are, of course, much closer together near the abutments, where 
the shear is greatest, than at the centre. 

The general rule is " that the spacing of stiffeners should not 
exceed f of the depth of the girder near the abutments and | of 
the depth towards the centre." 

A number of practical limitations exist in the spacing of 
stiffeners; e.g., the pitch of rivets, the suitable symmetrical 
division of the span or length of girder, the position of cross 
girders in floors where such are used, or the pitch of troughs, 
etc. Stiffeners are always placed over cross girders ; they are 
stopped I inch clear of their top surface, so as to allow the cross 
girders to be slid uuderneath them during erection. A i-inch 
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packing piece is then inserted and the stiffener is riveted to 
the cross girder. 

The same applies to transverse troughing. 
These stififeners when riveted to the floor provide a very 
strong through bracing to the whole bridge. 

When three girders are used the stififeners on the outer 
girder must correspond with those on the centre girder, so as to 

secure continuity of bracing 
through the floor to the three 
girders. 

If the bridge be on the 
skew this will entirely govern 
the design of the outer gir- 
ders in this respect. 

There is nearly always a 
plate stiflfener immediately 
over the edge of the bearing 
plate, and one also over the 
middle of the bearing plate. 
These stififeners together 
make a strong column at the 
girder end, which helps to 
transfer the weight on to the 
bearings. 

Joints in the web are 
usually made at a stififener 
(Fig. 261). 

No satisfactory formula 
has so far been found for 
calculating the spacing of 
stififeners ; many attempts have been made, but without success, 
owing to the indeterminate nature of the stresses in the web. It 
should be remembered that a web plate is merely an economical 
arrangement or means of connecting the top and bottom plates 
of a girder, and it enables the flanges to be built up upon it, and 
renders them convenient in form and shape for riveting. This 
device of a continuous web plate is utilised in small spans up 
to 50 feet, or even 80 feet, on account pf its economy and 
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Fig. 261. 
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convenience. A girder with such a web is called a "plate 
girder." 

But in reality the web is only doing what for larger girders is 
done by the bracing. 

The use of bracing between the top and bottom flanges instead 
of a continuous plate is due solely to reasons of economy and 
efficiency. 

The web plate of a girder performs in a lesser degree the same 
functions as the bracing, and it may be considered as a large 
number of separate strips or laminae, acting upwards towards the 
centre of the girder as struts, or downwards towards the centre as 
ties, while the stiffeners complete the bracing series by acting as 
ties or struts respectively. 

Figs. 262 and 263 give two ideas, the latter being the most 
likely, of what may be actually taking place in the girder web, 
the stresses shown repre- 
senting two forms of N 
girder. 

It is probable that the 
tie action of the web plate 
is what is mostly called 
into play, while the stiff- 
eners act as vertical struts. In this way the web and the stiff- 
eners together make up a whole and complete series of bracing 
exactly similar to that in a braced girder, without the trouble of 
constructing separate members and riveting them up together, as 
is done in braced girders. The waste of web plate and the indeter- 
minate nature of the web stresses is the only reason for not using 
this system for all spans. 

ENDS OF GIRDERS. 

These may be square or round. 

Square ends are nearly always used. Rounded ends are only 
used when the girder is the middle one of three or more, and 
being in the middle of the track or permanent way, a square end 
might cause serious hurt to platelayers, etc., at night. They are 
sometimes used in large girders for appearance. Square ends are 
finished like a half stiffener. 
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If the ends are rounded, the flange angles have to be bent, and 
the flange plates also. The long angles and plates of the girder 
ar'e very inconvenient to bend, as, owing to their length, they are 
difficult to handle. A joint should therefore be made in the 
angles and plates near the end of the girder, so that it will only 
be short lengths of plate and angles that have to be bent. 

The ends of girders should never be encased in masonry, but 
should be left free of access for inspection and painting. If this 
is impossible the steel should be thoroughly cleaned and then 
encased first in cement. 

BEARINGS. 

In all girders some arrangements have to be made for expansion. 

As a rule, for small spans up to 40 feet, the ends of the girders 
are shod with a shoe of flat steel plate (f inch to 1 inch thick) 
about 3 feet long. 

This is bolted to the underneath of the lower flange of the 
girder end, the flange being riveted with countersunk rivets at 
this point (Plate IX.). 

This plate rests direct on the bedstone of the abutment and is 
free to slide. 

Both ends of the girder may be fixed by Lewis bolts into the 
bedstones, so as to prevent travel, or the movement of the whole 
bridge on its abutments. These bolts are free to move in slots 
through the bearing plate of the girder, at one or both ends. 

If desired, 10-lb. sheet lead or felt may be introduced between 
the girder and the bedstone. 

For larger spans up to 60 or 70 feet a similar steel plate is 
used, but it rests on a cast iron or cast steel shoe, which is fixed 
to the bedstone. 

This gives a smooth surface to slide upon. 

Plate IX. gives typical examples of bearings. 

For larger spans sliding rocker bearings would have to be 
used ; one end only of the girder would be free to slide. 

CAMBER. 

Camber is given to a girder- to neutralise the deflection, and 
prevent a locomotive as it runs on to a bridge from running 
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down hill into the middle of the span and then having to run up 
hill to get off again. 

The shock action thus brought on to the girder would be 
considerable. 

It also prevents the girder from appearing to sag. A straight 
horizontal girder which has no camber always appears to sag. 

There are two cambers given to a girder. 

(a) The permanent camber. 

(b) The initial camber before erection. 

(a) The permanent camber is generally 50 per cent, more than 
the maximum calculated deflection. 

Half an in^h per 20 feet of span is a good rule of thumb for 
plate girders. 

The camber for plate girders is never shown on drawings but 
is specified. 

For braced girders of small span, there is generally a little 
more camber given than for plate girders, since there is more 
yield in the girders. 

In the case of braced girders, of less span than 60 feet, camber 
need not necessarily be shown on drawings, but the accurate 
lengths of the members of the girder will be worked out again 
by the makers who are constructing the bridge. 

For spans over 60 feet it is desirable to show the camber in 
the drawings. 

(b) Initial camber is given to a girder during construction by 
the makers, to allow of settlement when the girder is placed on its 
bearings ; with this the designing engineer has nothing to do. 

The initial camber is small in the case of plate girders, but 
in braced girders of large span, may amount to as much as 4 or 
5 inches. 

This camber is useful for pulling plates and bars into position. 

During erection, tension plates may be found to have their 
holes drilled y^j^ inch wrong ; this will cause them to sag at 
their middle, which means that they are not taking their full 
share of stress. The only cure for this is to take a little of the 
camber out of the girder so as to pull it tight, and it is for this 
purpose that the camber is given. 

While it is being put together the girder usually rests on skids, 
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and by raising or lowering centre skids the camber can be 
increased or diminished. 

When these skids are finally removed, the girder settles down 
a good deal, and should then have the exact amount of permanent 
camber originally specified by the designer. 

LINE OF MEAN FIBRE. 

Every member or plate may be said to have a line of mean 
fibre. This is the line joining the centres of gravity of all cross 
sections through the member. 

The line of mean fibre of a uniform plate lies along its centre ; 
that of an equal angle lies along the angle ; that qf an unequal 
angle lies somewhere in the longer arm of the angle. 

In connecting any member at its end to any other member : — 

(a) The rivets or bolts should be disposed symmetrically round 
the lines of mean fibre of both if possible. 

(b) The theoretically best junction point between any two 
members is the intersection of their lines of mean fibre. 

(a) Tbis is not always easy to attain, especially in the case of 
angles, tees and channels, but it should be striven after as far as 
possible, since it transmits stresses to or from a member easily 
and symmetrically. 

(b) This is of the utmost importance in all structures, especially 
braced girders. Thus the junction point of a member of the 
bracing, and a flange of any girder, is the point of intersection 
of their lines of mean fibre. 

Further, all members meeting in one joint should be so 
arranged that their lines of mean fibre meet in one point. 

This also is not always easy to attain, but must be striven 
after. 

The line of mean fibre of a composite member is of course the 
mean of the lines of mean fibre of the component parts, Le., the 
line joining the centres of gravity of sections through the whole 
member. 

In the design of girders of pin and link type construction, it 
is of course essential that the pin forming the joint should be on 
the intersection of the lines of mean fibre of all the members 
meeting at that point. 



CHAPTEE XVII 
plate girders 

Example. 

To design a three-girder bridge, plate girders being used, for a 
double line of ordinary standard gauge line. 

The clear span is 52 feet, and the floor is to be a plate floor 
on rail bearers and cross girders ; ballast will be 8 inches deep, 
and longitudinal sleepers will be used, bolted to the rail bearers, 
making a rigid floor. 

The bridge will be a " through " bridge. 

The bridge will be made as narrow as possible. With this end 
in view, the girders must all be kept below the 2 feet limit above 
the rail level. 

The loads to be carried are the heaviest that can be met with 
in ordinary English practice. 

Live load is to be corrected in floors by using/ = 4 J tons. 

Eefer to Plate X. 



EAIL BEARERS. 

Live Load. 

On these the heaviest axle load is the ruling factor. The 
heaviest load is an axle weighing 19*4 tons, with the nearest 
other axles 8 feet 6 inches and 9 feet away. 

The cross girders are to be spaced 8 feet apart. 

Hence the span of the rail bearers is 8 feet. 

Max. Mb = -^ = ip X 8 X 12 X J 

_ 465-6 

~ 2 

= 232'8 inch-tons per rail bearer. 
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Dead Load. 

Weight of ballast 8 inches deep over plate at 
110 lbs. per foot cube on an area 5 feet by 8 feet = 
5 X 8 X 110 X § = 2,938 lbs. 

Weight of J inch plate floor at 20*4 lbs. per foot 
super = 5 X 8 X 20*4 =816 

Weight of half track at 100 lbs. per foot run = 400 lbs. 

Weight of rail bearers, assuming B. S. B. 22, 12 
inches by 6 inches, by 54 lbs. per foot run, section 
modulus 62-58 = 54 X 8 =432 



Total weight = 4,581 lbs. 

Therefore the Max. M^ due to the dead load 

_ 4,581 8 X 12 
"" 2,240 ^ 8 
= 24'54 inch-tons 

Therefore the total M^ = 232-8 + 24-54. 

= 257-3 inch-tons. 
But / = 4 J tons, 

.-.- = 57-2 

y 

Therefore the beam selected is strong enough. 
To test this for deflection : — 

A = -TT-^ (n' = ^ for central load) 

_ 8 ^ X 12^ X 7 
"" ^ 13,400 X 6 
= -066 inches 

^^ xAu^h of th© span, and is safe. 

CROSS GIRDERS. 

The width of the floor is to be the minimum possible. 

Therefore, supposing that the girders do not project more than 
2 feet above the rail level, the total width of the bridge will be 
20 feet 4 inches between inner edges of girders. Only 6 feet will 
be left in the clear between the inner two rails. 
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The flanges of the girders are estimated to be 16 inches wide, 
and therefore the length of the cross girders will be 

= 8 inches + 20 feet 4 inches 

+ 8 inches. 
= 21 feet 8 inches, 
and this will be the distance be- 
tween the centres of girders. 

Each cross girder will be 10 
feet 10 inches long. 

The rails and wheel loads will 
be spaced as in Fig. 264. 
All the live loads that the cross girder has to carry are applied 
through the rail bearers, and all the dead load is assumed to be 
concentrated there as well. 
Dead Load, 

6 000 
The dead load from each rail bearer is— ^r — lbs. approx., and 

since there are two such at each rail point, the load on the cross 
girder at each rail point is 5,000 lbs. 

Live Load. 

The cross girders have been spaced 8 feet apart. This has been 
done with regard to con- 



venience, and also to the 

fact that the spacing 

of the engine wheels 

is just less than 8 feet. 

The equivalent uni- ^^®- 265. 

form distributed load for a span of 55 feet is 2 '60 tons per foot 

run ; and on a cross girder, this amounts to 20 tons. 

The heaviest engine 
loads on the cross gir- 
der amount to about 
24 tons, which would 
point to a slightly 
wider spacing being 
better ; but this would 




/r/ Tons 




a'.o'- *i* 

KlO. 266. 



bring rather a long span and heavy M^ on the rail bearers. 
The heaviest engine is that shown in Fig. 265. 
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Fig. 266 also shows how it would be placed so as to get the 
greatest Mg on the cross girder. 

One axle is over the girder, while the other two adjoining axles 
are on the adjoining rail bearers and bring a portion of their 
weight on to the cross girder. 

The total load is 

= 17i + 17^ X g + 17J X J 

= 24-06 tons. 
This gives 12*03 on each rail. 

Therefore the total load on each rail on the cross girder 

= 12-08 tons + 5,000 lbs. 
= 14-26 tons. 
The spacing of the positions of these loads is shown in Fig. 264, 
quarters of inches being omitted. 

The Mb under the outer rail due to its own load only, 

= 14-26 X ,n. \.^^- u X 12 feet inches X 12 
10 feet 10 inches 

= 858 inch-tons. 

Mb under inner rail due to its own load only 

-I A o£. v> 9 fe^t 2 inches ^, „ t j. a - u v> m 
= 14-26 X ?7^ i.— tta • u— X 7 feet 8 inches X 12 
10 feet 10 inches 

= 883-5 inch-tons. 

These values are plotted and the two diagrams are combined 
(Fig. 267). 

The Max Mb under the outer rail is 629-5 inch-tons. 

The Mb of the cross girder , 

must be equal to this. 

If/=7tons , 
ad = 117-7 
therefore if d = 20 inches, then 
a = 5*9 square inches. 

We shall therefore use a §-inch 
plate 7 J inches wide, and two 
angles 3| inches X 8| X | inch. 

Deducting two 1-inch rivet 
holes from the plate and each of the angles, the combined area is 

= 6'66 square inches. 

s.B. u 
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SHEAR. 

The shear on the outer end of the cross girder will be greater 
than that at the inner end, since the load is nearer to the outer 
girder. 

The shear at the outer end will therefore be 

= 14-26 X 2 X /nl''*f^n— ^- 

10 feet 10 inches 

= 14*7 tons. 
The cross girder is 20 inches deep, and at a pitch of 4 inches 
there will be five rivets in a vertical line at the end of the girder. 
The intensity of vertical shear will therefore be 

= 14-7 -=- 5 
= 2*94 tons per rivet. 
J-inch rivets will be sufficient, using reduced constants to allow 
for the live load, viz., shearing 4*8 and bearing 6*4 tons, 

These will therefore be used, and the pitch of 4 inches will be 
adopted throughout. 

JOINTS (FLOOR). 

Rail bearer to cross girder. 

The greatest shearing load is brought on to the cross girder by 
the rail bearer and its loads when one 17 J-ton axle is just coming 
on to the cross girder from the rail bearer, and another 17j-ton 
axle is 6 feet behind it, on the same rail bearer. The shear then 
is 22 tons, or 11 tons on one rail bearer. To this must be added 
the dead load, which is equal to half the dead load on one rail 
bearer, i.e., 2,500 lbs., making a total of 23 tons (approx.). 

Allowing reduced stresses in rivets for live load compensation, 
viz., same as above, 8 rivets will suffice. 

The rail bearer will be secured with two angle pieces on each 
side of its web, having 3 rivets in each, and also by an angle 
bracket underneath it having 2 rivets in it. Total 8 rivets. 

MAIN GIRDERS. 

The load to be taken for the calculations of the main girder is 
that obtained from the table of uniform equivalent loads. 

It will be instructive to compare this with the loads that the 
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cross girders appear to bring on to the main girders, which have 
been arrived at in the calculations for the cross girders and floor. 

The outer girders take slightly more than half the load due to 
one track, and the centre girder takes slightly less than half the 
load due to two tracks. 

First consider the load imparted by the cross girders. 

This is 14*26 tons on each rail, and is made up of 12*03 live 
load and 2*23 dead load. 

The former must now be corrected to reduce it to equivalent 
dead load. The percentage addition is 14 per cent. 

The total load on one rail becomes therefore 

12*03 X~ + 2-28 

Therefore the load per cross girder on each outer girder ; 

_ 5 feet 7 inches _ ^ _ f^^.^c^ . . 114 
~ 10 feet 10 inches 
= 16*6 tons dead load, 
and on the centre girder ; 

5 feet 3 inches 



X 2 X (l2*03 X jj^ + 2*23) 



X 2 X 2 X (12*03 X J-~ + 2*23) 



10 feet 10 inches 
= 31*0 tons. 

Now the girders are 58 feet long and have 7 panels, making 6 
cross girders. Therefore the total load imparted through cross 
girders is 31 X 6 tons. 

= 186 tons, on the centre girder. 

Consider the centre girder only. 

This total load is composed roughly of 159 tons equivalent dead 
load and 27 tons dead load, and is found from the cross girder 
loads. 

In comparing this with the uniform equivalent distributed load, 
the dead load is of course the same in either case. 

The uniform equivalent load for this span is 2*50 tons per foot 
run. 

The theoretical span is 55 feet. 

Therefore the total equivalent uniform load is 137*50 tons. 

This has now to be corrected for live load by adding 14 per 
cent. 

This amounts to 156*75 tons per track. 

u 2 
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This makes the load on the outer girders 
_ 5 feet 7 in ches ^ ^^^^^^ 

lb feet 10 inches 
= 81*80 tons, and on the centre girder, 

= ilt4l^^ X 2 X 156-75 
10 feet 10 inches 

= 151*95 tons, found from uniform equivalent load 

for the span. 

This is about one ton less per panel than the load arrived at by 
the cross girders. 

The reason of this discrepancy is that the cross girders are 
assumed to be loaded with the heaviest axle and adjoining loads, 
and such loading could not occur on every cross girder at the 
same time. The load as found from the table is the more correct 
and is the one to take. 

These loads are only the live loads. 

The dead loads are the same as those brought by the cross gir- 
ders as stated above, and also the weight of the girders themselves. 

Assume the weight of the outer girders to be 12 tons each and 
the centre girder 16 tons in weight (Table XIIL). 

Then the total loads are : — 

OUTER GIRDER. 

= 81-80 + 13-50 + 12 tons. 
= 108 tons. 

CENTRE GIRDER. 

= 151-95 + 27 + 16 tons. 
= 195 tons. 

OUTER GIRDER. 
Max. Mb = -^ 

= 108 X '-^^^ 

= 8,910 inch-tons. 
CENTRE GIRDER. 

Mao;. Mb = 195 X ^^^ ^^ 

o 

= 16087-5 inch-tons. 
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The parabolic curve of M^ for both the outer and centre girders 
is now drawn (Fig. 268). 

OUTER GIRDER FLANGES. 

Assume two angles 4J inches X 4J inches x f inch, and 
deduct from each two rivet holes 1 inch diameter for |-inch rivets. 

The net sectional area of the two is 9*37 square inches. 

The Mr due to this is ... . 3,940 inch-tons. 

Assume one plate 16 inches wide by J inch 
thick, and deduct four 1 inch rivet holes. 

The Mr due to this is ... . 2,520 inch-tons. 



This gives an Mr 

Plot this on the parabola of Mr. 



. = 6,460 inch-tons. 



t€640 in. tans 




Fig. 268. 



From 16 feet on either side of the centre of the span an extra 
plate will be required. 

Assume another J-inch plate. 

This will give an additional Mr of 2,520 inch-tons, making a 
total of 8,980 inch-tons, which is enough. 
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CENTEE GIRDER FLANGES. 

The above sections will be used throughout from end to end in 
the centre girder. 

They should be plotted on the M^ curve. This will show that 
from a point 18 feet 6 inches on either side of the centre an extra 
plate is required. 

The extra plates will be three |-inch plates, making up the 

required Mr^ i.e., 16,640 
inch-tons. 

These plates are respec- 
tively 38 feet, 80 feet, and 
22 feet long. 

SHEAR 

The vertical shears at 
the ends of the girders 
are: — 

OUTER GIRDER. 

81-8,,. v^25-5,, ,, 
= -2" (live) + -2" (dead) 

= 40-9 (live) + 12-75 (dead) 
= 53-65 tons. 

CENTRE GIRDER. 

151-95,,. . . 43,, ,, 
= —2 — (live) + Y^dea.^) 

= 76 (live) + 21-5 (dead) 
= 97-5 tons. 

The shear stress diagram 
must be drawn for both 
girders, the curve for the 

equivalent live load being parabolic, and that for the dead load a 

straight line (Fig. 269). 

CENTRE GIRDER. 

The end shear is 97*5 tons. 

The shear 5 feet from the end is 67 '6 tons. 




Shoar 

P^IG. 269. 
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The mean shear on the end 5 feet of the girder is = 82'6 
tons. 

The girder is 5 feet deep, therefore there is 16"5 tons of vertical 
shear per foot run. 

With rivets at 4-inch pitch, this gives 5*5 tons per rivet, which 
is too much. 

Reduce the pitch to 8 inches, which gives four rivets per foot 
run, and the stress per rivet is 4*12 tons. 

In bearing, 1-inch rivets will take 5 tons in a f -inch plate, and 
for shear 1-inch rivets are safe. 

These 1-inch diameter rivets and the 3-inch pitch will be 
carried as far atf 9 feet from the end of the girder. 

M this point, 9 feet from the end, the vertical shear is measured 
from the diagram and is found to be 48*5 tons. 

This in a depth of 5 feet is equivalent to a shear of 9*7 tons 
per foot rup. At a pitch of 4 inches there will be three rivets 
per foot ; if these are ^-inch rivets they will be able to take a 
stress of 

4*87 tons each in bearing, and 
8*62 tons in shearing. 

They will therefore be strong enough. 

It should be noted that 1-inch holes have been deducted from 
the sectional area of the plates and angles, allowing for |-inch rivets. 
This is not enough near the ends where the rivets are made 
1 inch diameter and the holes ^ inches. 

But near the ends the Mg is very small and the plates employed 
are ample for the Mb in any case. 

Near the centre, where the Mg is greatest, the rivets are only 
J inch as allowed for. 



OUTER GIRDER. 

End shear = 53*65 tons. 
Shear 5 feet from the end is = 37*6 tons. 
Mean shear over end 5 feet of girder = 45*62 tons. 
This is 9*1 tons per foot run. 

And J-inch rivets at 4-inch pitch are sufficient, if the web is 
I inch thick. 
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END OF GIRDER. 

The end plate is made vertical and is of |-inch plate. There 
is a bearing plate 1 inch thick, 8 feet X 16 inchesj riveted to the 
underneath of the lower flange over the bearing ; the rivets on 
its underside are countersunk so as to lie flush. 

LENGTH. 

The whole span is 58 feet, i.e., 52 feet + 8 feet + 8 feet. 

This allows 8 feet bearing at either end. 

There are several other points, however, which require 
attention, and which will necessitate lengthening the girder 
slightly. 

If the length be only 58 feet, the last rivet at the ends of the 
girder will occur with its centre 2 inches from the back of the 
angle steel which forms the end of the girder. 

This will not allow of the rivet being put in ; there will not 
be room for forming the head. 

The length of the girder will therefore be increased by J inch 
so as to give more room. 

This applies to all three girders. 

The end plate is | inch thick, and this amount must be added 
to the overall length of the girder, making it 58 feet 2J inches 
long. 

The centre girder has also the change of the pitch of rivets to 
be considered. 

Siififeners must occur at cross girders, and there is one cross 
girder at a point 20 feet from the centre of the girder. This is, 
assuming the length found above, 9 feet 1^ inches from the out- 
side of the end plate, or 9 feet | inch from the outside of the 
vertical angle at the end of the girder. 

The pitch is to change, in the case of the centre girder, at this 
cross girder. To fit this 8-inch pitch in, it will be found 
necessary to lengthen the centre girder another 1 inch. 

The length from the stiffener to the end will then be : — 
= 2| inches + (8 inches X 85) + 2 inches. 
= 109| inches. 
= 9 feet If inches. 



PLATE GIRDERS 297 

This makes a total length of girder 68 feet 3 inches without 
the end plates and 58 feet 4^ inches with the end plates. 

The centre girder will be 2 inches longer than the two outer 
girders. 

STIFFENERS. 

The rule is that they should be spaced about | of the depth at 
the ends and about f the depth near the middle of the span. 

They will therefore be 4 feet apart in the middle, those over 
cross girders being returned on to the cross girders, and the 
spacing near the ends will be, measuritig from the back edge of 
the vertical angles at the ends, 20| inches, 24 inches, 80 inches, 
35 inches. 

This will fit the change of pitch and the spacing of the cross 
girders. 

All stifieners will be plate stifieners, with a ^-inch plate. 

DEFLECTION. 

This works out to '790 inches, which- is safe. 

A camber of 1*25 inches, might be given to the girder. 

WEIGHT. 

The weight of these girders has been worked out and comes to : — 

Centre girder = 14'83 tons. 
Outer girder = 11*37 tons. 

These weights are less than those taken for calculations. 

Depth. — On account of the pitch of rivets being 4 inches and 
the angles being very thick, the depth has been increased from 
5 feet to 5 feet 1 inch so as to allow an extra | inch at the top 
and bottom of the girders for the rivets. The rows of rivets in 
the top and bottom angles will therefore be 2J inches from the 
outer edges of the angles. 

The details of the floor and connections are not shown in the 
plate as they are the same as in the examples of floors. 



CHAPTER XVIII 

PARALLEL BRACED GIRDERS 

GENERAL. 

Braced girders are girders that have not got a continuous 
plate web, or, those in which the shearing stresses are borne by 
diagonal members, called " bracing," instead of by a continuous 
plate web as in the case of plate girders. 

Almost all large girders are braced girders, and these form by 
far the largest class in use in bridge work. 

A braced girder is sometimes called a truss ; but in this book 
the word " truss " is used to express any system of bracing or 
members, so joined together as to form a complete braced 
frame. 

Braced girders may be of any shape, eg,, arch shape or 
segmental, with the curved boom placed either on top or under- 
neath, or rectilinear, having the top and bottom flanges either 
parallel to one another or not parallel. 

Parallel braced girders, i.e., those having their top and bottom 
booms straight and parallel to one another, are by far the 
commonest in ordinary practice, for spans from 76 feet to 
250 feet. 

Figs. 270 to 277 show eight types of parallel braced girders. 

PANEL LENGTH— PANEL POINTS. 

The distance apart of the points where the members of the 
bracing meet the flanges is called the ** panel length " and these 
points are called the "panel points." 

The space between two adjacent panel points is called a 
" panel." 

The cross girders of the floor are nearly always fixed at the 
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panel points so that the loads on any truss are applied at the 
panel points. 

Eefer to Figs. 270 to 277. 

Figs. 270 and 271 are known as " N girders," the one being 
for an under-bridge, sometimes called a Pratt truss, and the 
other being for a through-bridge, sometimes known as the 
Whipple-Murphy truss. 

In the former (Fig. 270), the longer members of the bracing 
are in tension, while in the latter (Fig. 271), the longer members 
are in compression. 

Fig. 270 is therefore the most economical of the two, when 
headroom under the bridge allows of its use. 

Fig. 272 is a combination of two girders similar to Fig. 271, 
superimposed on one another, sometimes called a Linville 
truss. 

In order to bring the diagonal members at the ends of the 
girders on to the same bearing plate, the end struts of one series 
must be made steeper than the rest. 

The Warren girder, shown in Fig. 273, is not so common for 
small spans, but it is economical in large spans, about 150 feet, 
when the depth of the girders is considerable. Fig. 275 shows 
the same girder again, but vertical bars are introduced from the 
apices of the triangulation or panel points in the upper flange to 
support the lower flange against cross bending, at the centres of 
panel points. This is only done when cross girders of the floor 
must unavoidably occur at unsupported points of the lower 
flange, i.<?., between panel points. Fig. 274 shows a double 
Warren girder, in which two girders similar to that in Fig. 273 
are superposed. 

The ends of the upper superposed girder require vertical 
struts to take the weight from the girder on to the 
abutment. 

Fig. 277 is also a common form. 

It is the same as two girders of N-type (Fig. 270) super- 
posed one on the other, and is the exact converse of 
Fig. 272. 

The ends are supported by two vertical members which 
communicate the weight of the girders on to the abutments. 
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CHANGE OF STRESS IN MEMBERS AT PANEL POINTS. 

Gonaider Fig. 271, which represents diagrammatically a 
Whipple-Murphy truss, for a certain span, and suppose Figs. 278 



curue of 

M 




and 279 to be the M^ and shear stress diagrams for this span, 
under a uniform distributed load. 

The Mr of the girder is constant throughout any one panel, that 




Fm. 279. 



is, between any two panel points, and any increase or decrease in 
the value of M^ will occur at panel points only. 

For, in Fig. 278, let pu 2>2, Ps, etc., be panel points. Then 
pu i>2 is one panel of the flange, and the tension in the member 
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Pu P2 of the lower flange must be the same throughout its 
length ; for no additional stress is taken from it or brought on to 
it, except at its ends where the bracing joins it, i.e., at panel 
points pi and p2> 

The same remarks also apply to the top flange and the diagonal 
bracing in any panel. 

Therefore ordinates of Mr must be constant between these 
points, or throughout any panel. 

If the panel points pi, p^, Ps, etc., be projected upwards as in 
Pig. 278 to cut the Mb curve at qi, q^, qs, ©tc, then the Mr 
throughout any whole panel pi, p2f must be sufficient to resist 
the greatest Mb occurring in that panel, which is represented 
by the ordinate p^, q^, in this case, in Fig. 278. 

The diagram of Mr for the panel px p^ must therefore be the 
horizontal drawn through the point q^ ; or in other words, the 
diagram of Mr throughout the span must be composed of a series 
of horizontal lines, the ordinates of which change at panel points 
only. 

It should be noted further that the Max. Mb at the panel 
points is all that is required for the purposes of calculation, since 
we are not concerned with variations of Mb except at panel 
points. 

Now Fig. 279 shows the shear stress diagram, and here again 
the resistance to shearing of the beam must remain constant 
throughout each panel, changing at panel points only, and the 
strength at each panel to resist shear must be made equal to the 
maximum shearing stress which can occur in that panel. 

Hence the shear diagram also is composed of a series of 
horizontal lines, the ordinates increasing at panel points only. 

Therefore, in order to obtain the diagram of Mr or shear 
resistance, for which a girder is to be designed, it is necessary 
first to draw the Mb and shearing stress diagrams, and then to 
determine the size of panels that is to be adopted and mark them 
off on these diagrams. Then with the aid of these points, the Mb 
and shearing stress diagrams may be " stepped " by drawing 
horizontal lines from the points where the vertical ordinates at 
panel points cut the curves, maximum values only of ordinates 
being taken. 
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The complete diagram will be rectilinear or "stepped" in 
shape, and will just enclose the M^ or shear diagram. 



ECONOMY OF BRACED GIRDERS. 

In braced girders the top and bottom flanges provide the fa 
in the formula M^^ = fad in the same way as in a plate 
girder. 

The lever arm d is a variable ; in plate girders it is best to 
keep d small, so as to economise the plate of the web, but 
in braced girders d may be made very large in order to gain 

The shearing stresses are taken by the bracing instead of by 
the web plate. 

For small spans where the shearing stresses are not very large, 
a plate web is found to be more economical than bracing owing 
to saving in labour in joints and in plating up, and a plate girder 
is therefore used ; the web also serves as a parapet to the bridge 
in some cases. 

But for long spans and heavy girders the waste metal in plate 
girders becomes very great, owing to the greatly increased 
thickness of the web required to obtain sufficient bearing area 
for rivets, and the large number of vertical stiflfeners required to 
ensure stiffness against buckling. 

This is exceedingly wasteful, and great economy is effected by 
the use of bracing instead of a plate web, and the dead weight of 
the girder is much reduced thereby. For spans of 60 feet and 
over^ therefore, the braced girder becomes more economical than 
the plate. The bracing also possesses another great advantage 
over a plate web in that the stresses are determinate. 

As has been previously stated, the stresses due to shear in a 
plate web are indeterminate and must remain so, whereas the 
stresses in each member of the bracing can be accurately deter- 
mined and the member can be designed in minute accordance 
with them. 

The importance of this point in large structures hardly needs 
any emphasis. 
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LOADING. 

All loads on braced girders should be concentrated and applied 
at panel points whenever possible. 

When the loading rests on a floor this is nearly always built 
up on cross girders, which are fixed to the main girders at panel 
points. 

It is only in exceptional cases that any loads will be brought 
upon the flanges of a braced girder between the panel points. 

When this occurs, cross bending in the flange itself is produced 
and must be allowed for, the vertical load, of course, distributing 
itself proportionately between panel points. 

The dead load of the floor itself is also applied through the 
cross girders at the panel points. 

For the calculation of stresses in members the dead load of the 
main girder itself must be considered as being divided up and 
applied at panel points, the load at each panel point being 
that due to half a panel on each side of it. 

The dead weight of the members of the main girder will also 
produce a cross bending tendency in themselves, which although 
negligible in small or medium spans may be most important in 
large spans of 250 feet or more. 

BHeJiy stated, — All loads must be considered as concentrated at 
panel points, and in the case of those which are clearly not so in 
reality, additional allowance must be made for their cross 
bending effect on the members on which they rest. 

The whole loading may, therefore, be generally treated as a 
series of concentrated loads applied at the panel points. If then 
the parabolic M^ curve be drawn as in Fig. 278, it must be 
analysed thus: — 

Divide up the base line, or span line, into the proposed number 
of panels for the girder at pi, p^, ps, P4, etc. Erect vertical 
ordinates at j^i, p^, ps, etc., and join aqi, qiq^y q^q^, q^q^, etc. 

This diagram of straight lines is the theoretical diagram of M^, 
the Mb decreasing uniformly from one point of application of a 
load to the next, being a M^ diagram for a number of concen- 
trated loads. 

At the same time the maximum value of Mj^ in any one panel, 

S.B. X 
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say p^2f in panel pi^, is what has to be met by the M^ of 
the truss, and hence the Mr in panel pip2, must be equal 
to pi^2 throughout the panel. 

Similarly if Fig. 279 be the diagram of maximum shearing 
stress on the girder, it may be analysed by dividing up the span 
line into panels and projecting them upwards as before. 

Then the greatest shear that may occur at any point ps is 
represented by psn'\ and at |>2 by p^n ; each of these occurs 
when the head of the load is advancing across the span, from 
right to left, and has just reached the point i^s or P2« 

Hence the shear stress in panel p^s varies in magnitude 
between p2?i and psti", and the girder must be able to resist the 
maximum value (pin) throughout the panel p^ps. Draw nn' 
horizontally ; this line with other similar lines will give the 
stepped diagram of shear resistance required. 

" Mb and shear DIAGRAMS. 

The methods of drawing the Mg and shear stress diagrams 
due to the loading given, require more careful elaboration than 
those for a simple plate girder of small span, especially as regards 
shear stresses, but the general principles are exactly the same. 

METHOD OF ACTUAL WHEEL LOADS. 

The best and most accurate way to draw both the Max. Mb and 
shear stress diagrams is to select by trial and error the combina- 
tion of engines that will produce the greatest M^ or shear upon 
the span and to draw the diagrams direct from them, when they 
are placed in the most disadvantageous position on the span. 

For the Max. M^ diagram the most disadvantageous position 
must be found by trial and error, for each point on the span. 

That position of the load which will produce the greatest Afg 
near the centre of the span is not necessarily the same as that 
which will produce the greatest Mb at other points of the 
span. 

For the shear stress diagram the greatest shear occurs at 
every point of the span, as the head of the advancing load 
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reaches that point, and decreases again as the head of the 
load passes over that point. 

This process is in reality the process which has been termed 
the "method of actual wheel loads/* and is the most reliable 
method for any span. 



METHOD OF UNIFORM EQUIVALENT LOADS. 

But in the design of bridges or structures for ordinary 
rolling stock it is not always easy for the designer to obtain 
the weights of all engines, etc., and it means a great deal of 
labour to select the ruUng combination of engines and their 
most disadvantageous position on the span ; this has, therefore, 
been done and the results have been tabulated in Table XYI. 
in the form of "uniform equivalent loads" in tons per foot 
run, which if distributed along the span under consideration, 
will give the same Max, Mg and M^ at all points as 
would actually be produced by the heaviest engines, and will 
also give the greatest shearing stress at all points during the 
passage of the load over the span. 

In using Table XVI. the diagrams of M^ and shear are drawn 
of parabolic shape, as if the load were uniformly distributed, and 
the values of Mb and shearing stress found at panel points are 
those which are required for use. 

As the design of engines alters. Table XVI. may, and must, of 
course be altered in order to keep it up to date, and for this 
reason is liable to prove a snare unless used with circumspection. 

The equivalent distributed loads given in Table XVI. only 
apply to heavy rolling stock, on the standard 4 feet 8J inches 
gauge, and are consequently of limited application, even when 
they may be relied upon as being up to date and abreast of 
modern locomotive design. Table XVII. contains the uniform 
equivalent load for metre gauge and 5 feet 6 inches gauge. 

When the diagrams have been drawn either by the method of 
actual wheel loads or by using the uniform equivalent distributed 
load, the span lines must be divided into panels and the diagrams 
must be stepped, as explained above. 

X 2 
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Max. Ms DIAGRAM. 

The ordinates of the stepped M^ diagram represent the values 
of Ms that have to be met in each panel, and 

Ms = Mr = fad. 

Hence if rf, the depth of thegirderbeknown, then/a is also known 
and is the stress in the longer or ** bearing '* flange in the panel. 

By the term longer or " bearing " flange is meant that flange 
from which the end diagonal, or bracing member, springs. 

In Fig. 270 the upper or compression flange is the bearing 
flange ; in Fig. 271 the lower is the bearing flange ; in Fig. 273, 
also, the lower is the bearing flange, and in Fig. 277 the upper is 
the bearing flange. 

To obtain the stresses in the other flange which does not 
extend the whole length of the span, a lesser Ms diagram is quite 
simply drawn. 

In Fig. 285 the outer diagram a I m n o r s t . . . b, represents 
the Ms in the bearing flange, while the inner stepped diagram 
a pi m V o w . . b represents the Ms in each panel of the shorter 
flange. 

In composite girders each system of bracing must be con- 
sidered separately, and the stresses found must be superposed 
or added together for each portion of the flange. 

In the case of a Warren girder (Fig. 273), the panel points of the 
shorter flange are different to those of the longer or bearing 
flange and the diagram must be divided up accordingly. 

SHEAR DIAGRAM. 

The maximum shear stress in the verticals and diagonals is 
obtained from the shearing stress diagram. 

The ordinates of the shearing stress diagram represent the 
vertical shear in any panel, and also, therefore, the stress in any 
vertical member in that panel. 

To obtain the stress in an inclined or diagonal member it is 
only necessary to multiply the vertical shear by cosec 6, where 
6 is the angle of inclination of the member to the horizontal. 

This may be done arithmetically, or graphically as in Fig. 279, 
where p^ represents p^^X cosec 6 and is the stress in the diagonal 
member of the panel p^p^. 
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Generally stated diagonal members inclined upwards from the 
abutment towards the eg. of the load or toads are struts, and 
those inclined downwards from the abutments to the e.g. of the 
load or loads are ties. 

ANOTHER METHOD. 

If the panel loads are known time may be saved by writing 
down the stresses in each member direct by the rules stated below. 

This will give the stresses in the f anges and the bracing under 
a uniform or steady load, considered as concentrated at panel 
points ; but the stresses in the bracing so found will not be the 
maximum stresses that will occur in the bracing as the load 
advances on to the span, but are only the stresses that will occur 
in the bracing when the whole span is loaded. 

The shearing stress diagram will, therefore, have to be drawn 
as before, but the flange stresses written in by the rules below are 
the maximum values and may be used for the design of the flanges. 

Let w be the load per panel point consisting of dead load and 
live load. 

w may be found either by taking half the load which has 
been used foi- the calculation of any cross girder on the bridge 
floor, as the weight per panel point of the main girder, or by 
taking the load per panel point due to the uniform equivalent dis- 



tributed tbad from Table XVI. and adding to it the dead load of 
the main girder and flooring per panel. 

The latter is the more accurate of the two, if the Table is 
correct tor the case under consideration, but not otherwise. 

Let 10 be the load at each panel point of the girder. 

Refer to Fig. 290 showing an N-type girder. 
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RULES. 

(1) Write on each inclined bar or member, cosec or some 
symbol such as ** r '" and on each horizontal bar cot 6 or some such 
symbol as " V 

(r = cosec and t = cot 0). 

(2) For the stresses in the bracing start with the reaction at 
either abutment due to the girder and its loads, and work towards 
the centre of the span, writing along each bar in the bracing " the 
reaction minus any loads which come between such bar and the 
abutment." 

(3) On any horizontal bar, write the sum of the horizontal 
components of all the bars meeting it at its end nearest the 
abutment. 

(4) All bars sloping upwards towards a vertical through the 
eg. of the live and dead loads are struts ; those sloping downwards 
towards this line are ties. 

Vertical bars are ties or struts according to the stresses in the 
sloping bars. 

It should be noted that half the load on the end panels of any 
girder is borne by the abutment, and not by the girder. 

Thus if a girder (Fig. 280) has 6 panels there will be 7 panel 
points, i,€.y two ends, and 5 intermediate points. 

J w will rest on each of the five intermediate panel points, and 
^ w will rest on each end panel point, Le., on the bearing plate 
of the girder on the abutments. These two end loads need not 
be considered further, since resting on the abutments they do 
not concern the design of the girder. 

The girder really only carries f of the total load. 

The reaction, therefore, under each end of the girder is half 
of f W ox ^ W, though at the same time the total weight on 
each abutment is -^ W or J W. 

These rules apply to all parallel girders supported at both 
ends. 

They do not apply to cantilevers or continuous girders. They 
give the stresses that do occur in the flanges and bracing of a 
girder under a uniform load resting on the bridge. 

Now since the equivalent uniform load has been used from 
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Table XVI. the M^ stresses or flange stresses found are the 
maximum that can occur under any rolling stock, as stated in 
Table XVI. 

But they do not give the maximum stresses in the bracing. 

For the stresses in the bracing are shear stresses, and we 
know that the maximum shear stress at any point does not occur 
when the bridge is fully loaded, but when the head of the advanc- 
ing load reaches that point. Hence if maximum stresses in the 
vertical and diagonal members are required, the rules are of no 
use, and a maximum shear stress diagram must be drawn for a 
uniform load advancing on to the span. 

This uniform load is of course the same as that used for iV/jj. 

The shear stress diagram must be stepped in panel steps as 
described before. 

The stresses so found will in every case be greater than those 
arrived at by the rules. 

Girders with a double series of triangulation such as shown in 
Fig. 272 would be treated in a similar manner, each system being 
dealt with by itself. 

In writing the stresses on the members of such girders, the 
reaction at the abutments due to each series of triangulation or 
panels must be found separately, and used as the basis for writing 
down the stresses. 

The flange stresses would of course be taken as the sum of 
those in the two systems. 

In fact the two systems are analysed quite separately, each 
system taking its own proportion of the load, and the stresses 
so found are added together, where they co-exist in the girder. 

In some types there will be one bar or member of the bracing 
at the end which is at a different inclination to the others ; this 
merely means a different value of in that particular bar 
(Fig. 272). 

Double series of triangulation give greatly reduced stresses in 
the members of the bracing and for large spans are very common. 

All the types of girders given in Figs. 270 to 277 have their 
solutions written on them ; they are all perfectly straightforward. 

Where double systems of triangulation are employed, w the load 
per panel has only half the value it would have with a single series. 
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PROOF OF THESE RULES. 

The proof is very simple being based on the consideration of a 
trussed beam. 



ei^ 



Am^g^tLA. 




Fig. 281. 



Consider a truss as in Fig. 281. 

w produces ^w cosec in cd and eg, and the stresses are passed 
on to the abutments at a and b as shown. 
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Fig. 282. 







Now suppose two more loads xi\ and jca, at e and / as in 
Fig. 282. 

Then there are still the forces \xv cosec in cd and c//, and 



± .£iw^ 




«/- co^ ^ 



Fig. 283. 



^2v cot ^ in rf^, just as before (these remain unaltered since Wi 
and tt'a would not be affected if the whole middle portion d<;g were 
removed). 



r 
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Also stresses in /rf, eg, remain = J tv. 

But stresses in af and eh become {^w cosec 6 -j- ^^'i cosec 0) 

and (J w cosec + u*2 cosec 0) 

respectively. 

Now if W7i = tC2 = Ws : 

Then stress in of and <?& = 1 J ir cosec ^ 
and stress in ah = 1^ iv cot ^. 

Fig. 283 goes one step further. 

Now suppose all the parallel bars at top and bottom to be 
united into one of varying thickness, it then becomes the case 
from which the rules are derived. 

REVERSAL OF STRESS AND COUNTERBRACING. 

When the shear stress diagram has been drawn for any girder 
and divided into panel points and panel steps, it will be found 
that near the ends of the girder the shear is either "always 
positive," or " always negative," although at one time it may be 
great and at another it may be small, depending on the direction 
in which the load is moving. But between certain points, x, y, 
in Fig. 279 the shear may be either positive or negative, the 
magnitude being given by the diagram. 

If these points x and y occur in the middle of a panel, the 
whole panel is of course aflfected thereby ; e.g., in Fig. 279 
reversal occurs in the four centre panels. Stated in plainer 
words, it means that the vertical and diagonal members in these 
four panels may be struts at one time, and ties at another time, 
depending on the direction of motion and position of the load. 

Some members may have at one time a heavy compressive 
load to carry, changing at another moment to a light tensile load 
or vice versd. 

Now the usual way to deal with this is : — 

(1) When struts may be called upon to carry a light tensile 
load, they should be designed of such section that they have a 
large factor of safety when in compression, and may be allowed 
to take the tension when required. 

(2) When ties may be called upon to take compression, they 
should not as a rule be designed as struts, but counterbracing 
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should be resorted to, so as to relieve them of the compressive 
stress. 

(1) This course is simple and needs no further 
explanation. 

(2) This means the introduction of extra members into each 




FiO. 284. 

panel, which will act as ties across the other diagonal of the 
panel. 

For example, in Figs. 270 and 284, the sloping bars are ties, 
and would have to take compression, in the centre panels, under 
certain loading. 

This is avoided by introducing tie bars crossing the panels 
along the other diagonals, and thus preventing distortion of the 
panel, and also preventing any compression being thrown on to 
the sloping tie bars. 



GENERAL REMARKS. 

One most important point in design must here be emphasised. 
All members, whether diagonal members or portions of the 
flanges are subject to direct stresses only, communicated to them 
at the joints at their ends. 

Any transverse stress placed upon them between their ends is 
most injurious and undesirable. 

For instance, suppose that a portion of the upper flange which 
is a strut in direct compression, is loaded transversely at its 
middle point with some load, causing Mb in it ; such a condition 
of loading would be undesirable, the bending tendency helping 
the strut to fail by buckling. For this reason all loads must be 
gathered and applied at panel points, and the rivets or connections 
of joints must be arranged round the line of mean fibre of the 
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members so as to apply their stresses symmetrically and without 
lateral bending moment. 

As has been pointed out before, the JV/jj and shearing strength 
of the girder do not increase gradually as in the case of a plate 
girder, but by jumps at each panel point, and the shearing stress 
diagram gives the vertical shear at any point, and not the actual 
shear in the bracing. 

On reference to Fig. 270 (N girder), it will be seen that the 
horizontal stress in the lower flange in any one panel is less than 
that in the upper flange in the same panel. The difference 
between these two amounts is equal to the horizontal component 
of the stress in the bracing in that panel. 

For example take No. 2 panel from the left in Fig. 270. 

The compression in the upper flange is 8 wt 

The tension in the lower flange is 4J ivt {t = cot ^, r = cosec 0). 

But 8 ivt — 4^ ivt = 3J irt which is the horizontal component 
of the stress in the 
bracing, viz., 3J wr. 

This may be seen 
graphically in Fig. 
285. 

There, a I in n o r 
8 t , . . b represents 
the diagram of stress 
in the upper flange. 

Now from a to pi there is no lower flange (from the nature 
of the girder), and therefore the stress is nil in the lower 
flange. 

At pi the stress in the lower flange begins, and it is repre- 
sented by a curve a pi m v o w . . etc. 

Now the difiference at any point between the stress in upper 
and lower flanges, or in other words the difference between 
the ordinates at any point gives a value at the same scale of the 
horizontal shear at that point. 

The shaded portion in Fig. 285 is virtually a shearing stress 
diagram for a uniform load, and the value of this horizontal 
shear in any panel must be multiplied by sec 6 to obtain the 
stress in the bracing in that panel. 




/Q./. 



Fig. 285. 
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RULES FOR CANTILEVERS. 

The foregoing rules can be applied to cantilevers with parallel 
flanges thus : — 

1. As before. 

2. As before, but for " centre of span " read *' free end of span." 

3. In horizontal bars start at the free end and work towards 



^ 1 2 yw jw iw iw iw T 







Fig. 286. 



the abutment, and write on each horizontal bar the sum of 
all the horizontal components of all the bars meeting it at its end 
furthest from the abutment. 




Fig. 287. 



4. Bars sloping upwards towards the abutment are ties, and 
bars sloping upwards away from the abutment are struts. 
Fig. 286 shows these stresses written on the members. 
The retaining forces, or thrust against the abutment of the 
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lower flange, and the pull away from the abutment of the upper 
flange, are equal and opposite to the stresses in the flanges 
in the end panel nearest the abutment, plus the horizontal 
component of the stresses in the end bracing. 

The most useful application of the above rules is in solving 
the cantilever portions of fixed or continuous girders. 

In the case of cantilevers, the stresses given in the diagonals 
are correct, and are the maximum 
shear stresses that can be caused in 
the bracing by any position of the 
loads. 

The equation giving the shear at 
any point on a cantilever distant x 
from the suppBrt, when the head of 
the load has reached that point, 




is: 



Fig. 288. 



which is the equation to a straight line ; and the curve of shear 
ordinates at all points is a straight line with a minimum 
ordinate = 0, and a maximum ordinate 

= wl when x = 0, 
i.e., the maximum shear stress curve is the same as the shear 
diagram for a uniform distributed load. 

In practice cantilevers with parallel flanges are rarely used, 
but the depth is increased near the abutments in order to 
give increased M^ and for such a truss as Fig. 287 the rules 
given above would not apply. 

Cantilevers which are not parallel are most easily solved by 
stress diagrams (Fig. 288), and the solution is not given in this 
book. 



FIXED AND CONTINUOUS BRACED GIRDERS. 

It has been shown at some length in Chapter III. how to find 
the Max. M^ in fixed and continuous beams, and also how to 
locate the points of contraflexure by M^ diagrams. 

We can also write in the stresses by the rules given above, 
having once fixed the points of contraflexure. 

These, however, must be known, and continuous girders 
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should be hinged or so connected at these points as to be able 
to transmit vertical shear only and not J\/jj. 

Take for instance the fixed girder AB with 10 panels, shown 
in Fig. 289, with a load w at each panel point. 

First find the points of contraflexure C and D. 

These are known to be nearly ^ of the span from A and B. 

Then write down the stresses on the girder between C and 
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Fig. 289. 



D as if supported at these points, and on the cantilevers AC^ 
BD, as being loaded with half the weight on CD at their 
extremities as well as the load w at each panel point. 

The solution is shown on Fig. 289. 

Fig. 290 shows another variation of the same type of girder. 




rrhM 



i i :', 




Fig. 290. 

If preferred, the Mb and shear diagrams can be drawn as 
explained for continuous beams in Chapter VIII. from the actual 
wheel loads, and then stepped off to correspond with panel 
points. 

Such girders are rare in practice under moving loads, except 
for very large bridges, or for swing bridges. 

They are, however, very useful in the design of large span 
roofs where nothing but a uniform load has to be dealt 
with. 



I 
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DEFLECTION. 

Deflection of all braced girders is calculated as for plate 
girders. 



A = 



Ey ' 



STRUTS IN GIRDERS— FIXATION. 

As a general rule all struts in braced girders are made the 
same width as the flange of the girder. 

A strut is generally composed of several angles or channels or 
plates, and is joined up together into one whole for sake of stiff- 
ness, by joining the various component angles and other 
sections together by plates, and flats, bars, etc. 

It will be found that such struts are almost invariably 
amply strong to resist buckling at right angles to the plane of 
the girder. 

But the dimensions of a strut or a member of the bracing 
or a portion of the flange, in the other direction, i.e., in the 
plane of the girder, is a variable depending solely on the neces- 
sities of the case ; and compression members will always have 
to be tested to ensure that this dimension is sufficient for 
stiffness. 

In calculating such struts it must be remembered that they 
are to be rigidly attached to the members by the joints at their 
ends and may be regarded therefore as having their ** ends 
fixed *' against buckling in the plane of the girder. 

At right angles to the plane of the girder this is not so, since 
the flange or other member to which they are secured might 
twist, and thereby allow, even if not actually assist, buckling. 

Example. 

To design a small girder of N type for a 50-foot span, single 
line. 

14 feet clear will be left between the girders. 

3 feet bearing will be given at either end, hence the total span 
= 56 feet. 
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CROSS GIRDERS. 

Dead Load. — The dead load on one cross girder is its own weight, 
say 75 lbs. per foot run 

= 1,050 lbs. (for 14-foot span). 

Also half the dead load on all four rail bearers which rest 
on it 

_M68x4 
""2 

= 7,536 lbs. 

Therefore the total dead load on one cross girder 

= 8,586 lbs. 
=: 4 tons nearly. 
Live Load. — The live load is the heaviest pair of wheels 






1,1.1 

Fig. 292. 

(18 tons) plus shear due to the live loads on four rail bearers 
when the engine is in the position shown in Fig. 292. 

13'75T J3'75T 



r 1 



I I ^ 



Fig. 293. 



Shear at h due to 18 tons at a. 

18 X 1 foot 2 inches 



= 2-68 tons. 



8 

Y 2 
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Shear at h due to 8^ tons at c 

17 X 2 feet 9 inches 



= 2*9 tons. 



2X8 

Total = 6'5 tons nearly. 
All these loads may be considered as acting at the points of 
application of the rail bearers on the cross girders (Fig. 293), 
and the load at each of these points is half the sum of the live 
and dead loads ; viz. : 

__18 5^5 4 

•" 2 "^ 2 ''■ 2 

= 13-75 tons. 

The Max. Mb occurs at the points underneath the rails, and 
is 

= Reaction X the distance of the rail from the end of 
girder. 

= 18-75 X 4 feet 6J inches. 

= 749 inch-tons, the span of the cross girders being taken as 
14 feet, i.e., its length overall. 
Now/ is 4 J tons, and therefore 

4i X a X d = Mil 

= Mj, 

= 749 inch-tons. 
, • . ad = 166-5. 
Assume d to be 20 inches. 
Then a must be 8*83 square inches. 

The cross girder may therefore be built up of a §-inch web 
plate, a f -inch X 7 J-inch flange plate, and two 3 J-inch X 3^-inch 
X ^-inch flange angles. 

The sectional area of the flange plate, deducting two |-inch 
rivet holes for J-inch rivets, 



=('*-^) 



x| 



= 3*59 square inches. 
The area of the two angles, deducting two rivets in each 
= 4-75 square inches. 

Total area = 8-34 square inches. 

Therefore this section for the cross girder will suffice. 
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Testing for deflection. 






7 X 14" X 12" 



• ■ • ^ — 1^ X "i3;4oo X 10 inches 

= •122 inches, 
which is safe. 

CONNECTIONS OF EAIL BEAEEES TO CEOSS 

GIEDEES. 

18 
Maximum shear on rail bearer end (approx.) = -^ tons. 

= 10 tons (say). 
See Plate XI. for joint. 

Suppose six rivets to be employed, f inch diameter. 

Then the strength of the joint against shearing 

= {%f X TT X 4-8 X 6 

= 12-73 tons, 
and is ample. 

For bearing, in the §-inch web, the strength of the joint 

is 

= I X I X 6 X 6-4 

= 10-8 tons, 
which is ample. 

Hence six rivets, arranged as shown, will be used. 

One stiffener will be added on both sides, 2 feet from the ends 
of the cross girder, of 3JJ-inch X 3J-inch X J-inch angle 
steel. 

Outside this stiffener the web plate is . prolonged upwards to 
join the end stiflfeners of the cross girder which are carried up 
the vertical member of the main girder at the point of support of 
the cross girder. 

MAIN GIRDERS. 

The main girders are to be considered as loaded with a 
uniform load ; i.e,^ the uniform equivalent load from Table XVI. 

Table XVI. gives the equivalent uniform load for a 55-foot span 
as 2'5 tons per foot run, and this may be taken. 
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This is live load, and must be corrected by the addition of a 
percentage. 

Table XIV. gives an addition of 13 per cent, to correct this live 
load. 

113 
The load therefore becomes 2*5 x -^w. = 2*825 tons. Half this 

comes on each girder, or 1*412 X 8 tons or 11*296 tons on each 
panel point. 

In this case the flange stresses will be obtained by using the 
rules given on p. 310, which enable us to write down the stresses 
on each portion of the flange direct. 

A shear stress diagram will have to be drawn to obtain the 
stresses on the bracing. 

Now the dead load per panel point on each girder = half the 
dead load on cross girders (2 tons) 

+ small portion of ballast ('45 tons) 

+ weight of main girders, estimated at 4*6 tons each girder 
(•66 tons), 
making a total of 3*11 tons per panel. 

Hence total load on one panel both live and dead = 14*4 tons, 
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Fig. 294. 



which is the value for xv for writing the stresses on the members 
of the girder. 

In Fig. 294 the stresses can now be written in on the various 
members, including the bracing. 

(These latter stresses will be useful for comparison.) 

The numbers now written have to be multiplied by cosec B and 
cot B, 

$ = 45° in this case. 

Therefore cot (? = 1 
and cosec ^ = v^2. 
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All tbese stresses are given here in tabular form. 



Member. 


atTPSufs due to uniform load 
by rules. 


Stresses from shear 
diagram. 


ac 


48-2 cosec 45° 


61-1 


55-8 


Id 


28-8 „ 


40-7 


89-7 


me 


14-4 


20-8 


26-7 


nf 








15-4 


d 




43-2 


890 


dm 




28-8 


28-2 


en 




14-4 


18-9 


al 


43-2 cot 45° 


48-2 




cd 


do. 


43-2 




Im 


720 „ 


720 




de 


do. 


72-0 




mn 


86-4 „ 


86-4 




<■/ 


do. 


86-4 




no 


97-3 „ 


97-8 





Now the stresses found above are not the maximum stresses 
that can occur in the bracing, and a maximum shear stress 
diagram must be drawn for the load advancing on to the span. 
A short explanation is here introduced. 



REMARKS ON SHEAR STRESS DIAGRAM. 

The values of the stresses found above are those due to a 
uniform load covering the span ; the uniform load is such that it 
produces moments of bending in the truss equal to the maximum 
that the heaviest engines could produce in their passage over the 
span. These stresses are therefore the maximum that can occur 
on the span due to Mb as far as the top and bottom flanges of the 
girder are concerned. 

But the bracing does not resist Mg, but shear ; and it will be 
found that higher shearing stresses are produced on the girder 
when the load is actually advancing on to the span ; and 
the values of these stresses on the diagonals due to shear must be 
found before designing the girder. 



828 THE DESIGN OF SIMPLE STEEL BRIDGES 

It will also be noticed that under a purely uniform load there 
will be no stress in the bracing of the centre panel, so that no 
bracing is apparently required, whereas this is far from being the 
case when the load is unsymmetrical, i.e., is not completely 
covering the span. 

Reversal of stress will also occur, and the rules given above do 
not in any way locate this. 

SHEAR DIAGRAM. 

The shearing stress diagram must therefore be drawn ; refer to 
Plate XL 

On the base line ab the shear diagram for the dead load is first 

constructed. 

The dead load = S'll tons per panel on one girder, or 21*77 for 
the whole span. 

Therefore ordinates are erected representiug — ^ — tons, 

positive at a and negative at 6, and the points so found are 
joined. 

The curve of maximum shear for the live load may be found 
by using the uniform equivalent load of 2*5 tons per foot run. 

Hence the total live load W on one girder 

= ^ 1- 13 per cent. 

= 79-1 tons. 

The parabolic curve of maximum shear may be drawn on a & as 

W 
base line, by erecting an ordinate at a equal to -^, and drawing a 

parabola through this point so found having its vertex at b. 

If it is preferred not to use the uniform equivalent load from 
table, the shear curve may be drawn by the method of actual 
wheel loads. 

This method is slightly the more accurate of the two, and is 
used in this case. 

The diagram so obtained is compounded with or added to that 
for dead load, obtaining the final curve a'6'. 

The position of panel points must now be marked off on this 
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diagram along the base line which has been drawn 56 feet long, 
and they must be projected upwards to meet the curve of 
maximum shear a'h'. 

The dotted rectangular curve shown in the diagram is the real 
shear stress curve for the girder. 

Only the upper or positive portion of the shear diagram is 
drawn, since the lower or negative portion will be equal and 
opposite to it. 

Now the vertical ordinates of the diagram represent the vertical 
shear^ and they must be multiplied by cosec 9, in this case cosec 
45°, in order to obtain the values of the whole shear stresses 
in the diagonal members of the bracing. 

This may be done graphically by drawing the inclined lines 
shown in the shear diagram parallel to the bracing of the girder, 
and measuring them. 

Their values are tabulated in column 4 of the stress table above. 

Similarly the vertical members of the bracing will be sub- 
jected to the simple vertical shearing stress, the greater value 
at each panel point being taken. These results are also 
tabulated. 

It will be noticed in the table that the stresses in the bracing 
and the verticals near the end of the span, i.e., in panels No. 1 
and 2, are slightly less than those found by the rules ; this is due 
to the fact that actual wheel loads have been used for drawing the 
shear diagram, whereas the uniform equivalent load was used for 
the application of the rules. 

The shearing stress diagram drawn from actual loads gives 
more accurate values for a particular engine than when drawn by 
the use of uniform equivalent loads. 

The maximum values found in the stress table will be those to 
be used in design. 

The shear diagram also shows the range and extent of reversal 
of stress. 

The diagram shows that positive shear stresses may occur in 
the girder from a at the left of the span, up to the point x, where 
the shear curve cuts the base line ah. 

The negative diagram would similarly show that negative 
shear stresses may occur from 2) at the right of the span up 
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to a point //, similar to x, where the negative curve cuts the 
base line ah. 

Between x and y, therefore, both negative and positive shears 
or reversal of stress may occur, which will aflfect the three centre 
panels. 

The member w/(Fig. 294) has been drawn and is found to be 
liable to a compressive stress of 15'4 tons, which may be reversed 
when the load advances from the opposite direction to 15*4 tons 
tension. 

In the panel at either side of the centre, the diagonal strut 
will have to carry either 26*6 tons compression {vide panel 3 from 
left of diagram), or 4*4 tons tension {vide panel 5 of diagram). 

In the centre panel the strut nf (stress 15*4 tons) is replaced 
by a tie eo (carrying the same stress 16*4 tons), and the 
reverse stress is met by a tie bar /n. These two tie bars, 
crossbracing the centre panel, are simpler than struts and 
lighter. 

So that the centre panel, which ought apparentl}'^ to be braced 
with two struts is braced with two ties, and the verticals ne and 
oj are relieved of the tensile stress to the value of the vertical 
component of the thrust in the compression members nf 
and eo. 

On panels 3 and 5 no counterbracing is provided, and the 
struts me and jpf are allowed to come into tension, since the 
amount of the tension is not great, but a sufficiently large 
sectional area must be given to these struts in order to avoid 
stressing them highly either in compression or tension. 

With the stresses all found and tabulated, the design may now 
be proceeded with. 

DEFLECTION. 
To test the girder for deflection, the formula is : — 



48 13,400 X 4 X 12 

= '512 inches, 
which is amply safe. 
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FLANGES. 

Assume a width of 18 inches for the booms of the girder, with 
four rows of rivets along it. 

It is intended to use 1-inch rivets throughout at a pitch of 
4 inches, so that l^-inch holes must be deducted. 

Consider the lower or tension boom. 

Suppose the flange to consist of two 7-inch X 3^ -inch X 
^-inch channels, and a j-inch plate. 

The effective area of the plate, deducting four rivet holes, 
is : — 

= (18 inches — 4J inches) X J inch. 
= 6'76 square inches. 

Also the effective area of the two channels, deducting four 
rivet holes in each channel, is : — 

= 8*5 square inches. 

Therefore the total effective area of the flange is : — 

= 15*25 square inches. 

Hence total safe stress in the flange is : — 

= /a. 

= 7 X 15-25. 
= 106*75 tons, tension, 
taking/ = 7 tons per square inch. 

This section will therefore suflSce for any portion of the lower 
flange. 

This section should now be tested to see whether it is suitable 
and stiff enough to act as a strut in the top, or compression 
flange, without buckling. 

Consider the central portion of the upper flange. 

It is 18 inches X 4 inches overall. 

It is most likely to buckle in the direction of the smaller 
dimension. 

The total sectional area of the upper flange is = 15*25 square 
inches. 

The stress in the central portion is 86*4 tons; vide stress 
table. 

This gives a stress per square inch of 5*66 tons. 

Referring to Table V., it will be found that this intensity of 
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stress is out of the table, being far too large for any but very 
short columns. 

This means that the portion of the flange tj must 
be strengthened against buckling either by providing inter- 
mediate supports, or by reducing the intensity of stress 
upon it. 

On examination it will be found that the same applies to the 
adjoining panels on either side of the centre, viz., members de 
and/>. 

A |-inch plate will therefore be added to the top of the flange 
in the three centre panels, having a net sectional area after 
deducting for rivets of 5*07 square inches. 

This will increase the total net section of the upper flange to 
20*32 square inches, giving a stress per square inch of 4*23 
tons. 

Referring to Table V. this is found to be equivalent to a value 

of i = 90 = '/'. 
k h 

The ends of the struts are taken as being '' fixed " since the 
flange is a long continuous flange supported at each panel 
point. 

From Table IV. n = 3*8, 
and we know that h = 4| inches, i.e., the thickness of both 
the flange plates and the smaller dimension of the channel 
steels. 

Hence : — 

Z = 90 X 4f X g^Q 

= 103*6 inches 
= 8 feet 7^ inches. 

This will just be enough, the panel being 8 feet long. 

The extra f -inch plate of the upper flange must be carried 
about three pitches of rivets or 12 inches beyond the panel 
points c and g. 

At the ends of the girder where the upper or compression 
flange joins the end diagonals, and the end diagonals join the 
lower flange, gusset plates will be required to strengthen and 
cover the joints. 
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BRACING. 

Vertical tie bars. 
cL cl (tension), must have a net area of 

43-2 . , 

a = — =— square inches 

= 6'2 square inches. 

Use four plates J inch X 6 inches, deducting for two rivets 
1 inch diameter from each. 

These will have a net area 

= 4 X J X 3| 

= 7*5 square inches. 

For the joints at the ends of this member, viz., e and Z, let n 
be the number of rivets required. 

The full constants may be taken for bearing and shearing, 
viz., 8 tons and 6 tons per square inch. 

Then for shear : — 

w X (J/ X ^ X 6 = 48-2. 
.'. n = 9 rivets. 

Suppose twelve rivets to be used; there will then be three 
rivets in each plate of this member. 

A gusset plate will have to be used at both ends so as to fit 
these rivets in conveniently. 

dm. dm is a tie bar, stress 28'8 tons. 

Four ^-inch plates will be used as before, and the number of 
rivets will be eight, viz., two in each plate. 

In this instance, although a |-inch plate would amply suffice 
for the stress, it would not afford sufficient bearing area for the 
rivets. 

The plates are therefore made the same thickness as the other 
member cL 

en. In en the stress is 18'9 tons. 

Four plates 6 inches X |-inch will suffice. 

This completes the tie bars. 

COMPRESSION BARS. 

ac. This strut will be the same section as the main boom, or 
ilange, and need not therefore be tested for stiffness again, 



■JL 



H ^ I 

I i 



•^1 



334 THE DESIGN OF SIMPLE STEEL BRIDGES 

Id, This strut is to be made up of four bars, each consisting of 

two angles, 8^ inches X 8 inches X \ inch shown in section in 

Fig. 296. 

These are not stiff enough by themselves, and it is proposed 

to stiffen them by joining them together 

by a 1-inch phite, so that all four shall 

form one member, and thus gain stiffness ; 

vide Fig. 295. 

When thus joined together they form 

one strut, 16 inches X 7| inches, and it 

is in the direction of the smaller of these 

two dimensions that the strut is likely 

to fail first, i.«., in the plane of the 

girder, in which direction it may be considered as "ends 

fixed." 

Each pair of angles back to back forming one bar will take a 

quarter of the total stress, or 

40-7 

- ~, or 10-17 tons. 

Now the net sectional area is 3} square inches for each bar ; 
therefore the intensity of pressure is : — 

2*71 tons per square inch. 

Referring to table, it will be found that for a load of 2*71 tons 
per square inch, on steel struts with ends fixed, 

\ = 1^0' 



FlO. 295. 



and also 

Now 
and 

therefore 



I 



I 



~k = ''}? 



n = 4-2 from Table IV., 
fe = 7§ inches, 



42 X 8 

= 268 inches, or 22 feet, 
which is amply safe since the length of the strut is 

only 8 V^ feet. 

me. This is also a strut, and is to be made up of four angles, 
3^ inches X 3 inches X ^ inch with a §*inch plate joining them 
together in order to obtain stiffness. 



J 
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The stress to be borne is 26*6 tons, and the sectional area of 
the strut is 10*5 square inches, including a portion of the |-inch 
plate. 

This gives a stress intensity of 2'63 tons per square inch. 

Referring to Table V., the value of 7 is found to be : — 

= 160 

= n 7 where n = 4*9 
h 

h = 8| inches. 

Therefore I = 180 inches, nearly, which is greater than the 

length of the diagonal member. 

Therefore the section selected is safe. 

eo, vf. These two members are ties, carrying 15*4 tons each. 

They will be made of four plates 6 inches by | inch each. 

JOINTS. 

There will be a join in the ^-inch steel plate of the top flange 
at the centre of the span. 

This will be covered by a cover plate J inch X 18 inches, i.e., 
the same cross-section as the plate itself. 

This plate, allowing for four rivets across it, will have to carry a 
stress : — 

= 13J inches X ^ inch X 7 tons. 
= 47'25 tons. 
Let n be the number of rivets 1 inch diameter required on 
each side of the join. 
Then for shearing : — 

n X (i)^ X -JT X 6 = 47-25 
.-.71 = 10-02. 
For bearing : — 

nXlXjX8 = 47-25 
. • . n = 11-81. 
Twelve rivets will therefore be used, i.e., three pitches of rivets, 
and the cover plate will be 24 inches long. 

The channel steels also require covers both in the top and 
bottom flanges. 

These will be placed in the middle of the third panel from 
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either end, in the top flange, and in the middle of the centre 
panel in the lower flange. 

The sectional area of the two channels in the flange is 
8*6 square inches, and the maximum stress in the channels is : — 

= 8-5x7 
= 59*5 tons. 

The joint will be made with flat fish plates, two 3i-inch by 
^-inch plates placed along the stems of each channel, and one 
6-inch by ^-inch plate along the underneath of the table of each 
channel. 

Let n be the total number of rivets required. 

Then for bearing : — 

7iX8xlXj = 569-5. 

, • . w = 14*9 rivets. 

Each of the 6-inch cover plates will therefore have four rivets, 
and each of the narrow 3J-inch covers will have two rivets, 
making sixteen rivets in all. 

At the point A^ Plate XL, the plate of the top flange will be 
bent down to form part of the end diagonal member, and the 
channels also will be bent. 

BEARING PLATE. 

A bearing plate of 1-inch steel is fitted to the underneath of 
the ends of the girder. 

This is riveted with the ordinary rivets of the lower flange, 
but these must have countersunk heads, giving a flush surface 
underneath the bearing plate. 

RIVETS AND JOINTS. 

It is desirable to make the four rows of rivets along the top 
and bottom flanges break joint, i.e., the two inner or middle rows 
will be set half a pitch, or 2 inches, in front of the two outer 
rows. 

This will render the riveting of the flange plates to the 
channels a little easier, and will save effective section. 

The rivets in the joints are very diflScult to arrange in this 
girder as the members are so narrow. 
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They are pitched at 3 inches apart in nearly all the joints, and 
gusset plates are provided also. 

Owing to the difi&culty of executing the riveting, it is possible 
that some bad rivets may be put in, and therefore several spare 
rivets have been allowed at each joint. 

The |-inch plate which has been introduced into the struts for 
sake of stiffness has not been considered at all in the matter of 
stress per square inch, although it would have been quite 
permissible to do so. 

This plate is moreover cut away, or " stopped " about 6 inches 
away from the joints of the struts with the upper and low^er 
flanges, so as not to interfere with the vertical tie members. 

FLOOR. 

A ^-inch plate floor is to be fixed over all the rail bearers and 
cross girders, which will require support at its outer edges parallel 
to the main girders. 

This floor will provide ample bracing against lateral sway due 
to wind and other causes. 

GENERAL. 

In the foregoing design, exceedingly small plates and sections 
have been used throughout. 

It might have been better to use larger angles and channels 
and fewer of them, but the design has been prepared with a view 
to utilising small sections only, for sake of example, and this 
has led to a girder which is difficult to plate up and rivet 
together. 

REVERSAL OP STRESS. 

In theory under a uniform distributed load a truss with an odd 
number of panels requires no bracing in the centre panel, and 
of course no truss requires any counterbracing. 

But this condition of absolutely perfect uniform loading is 
never obtained. 

The supposition of uniform equivalent loading on the span 
only gives maximum values of stresses which may occur in certain 
members ; it by no means follows that these will all occur at one 

S.B. z 
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time. Some may be less than the maximum values ; in fact, we 
know that the load is anything but a uniformly distributed one, 
and therefore we must clearly remember that the use of a uniform 
equivalent load is a short road to obtaining certain maximum 
values of stresses produced by a number of concentrated axle 
loads. 

The method fails entirely to show any values except the 
maximum. 

The shear stress diagram must therefore be drawn in every case. 

This gives the points between which reversal of stress takes 
place, and practically, also, gives the minimum values of stress 
in the diagonals and verticals. 

These minimum values may be zero or may have a negative 
value, and this value is shown in the negative shear stress 
diagram, converting tension members into compression, and rice 
versd. 

In the type of girder considered in the foregoing example 
(Fig. 271), the diagonal struts are liable to be put into tension. 

If this tension is not very great compared with the compressive 
thrust, which the strut is designed to take, no special precaution 
need be taken, beyond ensuring that the member cannot be very 
highly stressed either in tension or compression, Le., by designing 
it of ample proportions. 

The safe resistance per square inch of a siimt should be reduced 
by 25 per cent, when it is liable to be put into tension by reversal of 
stress f in order to allow for fatigue. 

If, however, as in Fig. 270, the diagonals are ties, then they 
will be put into compression when reversal of stress takes place. 
To resist this they may be so designed as to be capable of acting 
as struts, without buckling, and the restriction as regards stress 
stated above must be adhered to. 

In panels where ties are liable to be thrown into compression, 
however, it is customary to avoid this by supplementing the 
existing diagonal of the panel with another diagonal joining the 
two opposite corners of the panel, i.e., counterbracing, which will 
also be put in tension when reversal takes place and will prevent 
any compression coming on to the other tie. 

When the stress in any diagonal member is reversed the stress 
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in any adjoining vertical member is affected thereby, and when a 
diagonal strut is thrown into tension, the vertical at its end may 
be thrown into compression and become a strut. 

In the case of a girder with an even number of panels, the 
centre two will always be subject to the reversal of stress, and 
will require counterbracing or other treatment. In the case of 
girders with an odd number of panels, the centre panel will 
always require counterbracing and generally also the two panels 
on either side of it. These latter may sometimes be treated 
differently, without counterbracing, but will always require 
careful consideration. 

The consideration of any shear stress diagram will show that 
the greater the dead load in proportion to the live or accidental 
load, the less range there will be of reversal of stress, or the 
greater the span the less will the range of reversal be in propor- 
tion to it. 

In the actual drawing out of a design, it will generally be of 
great assistance to draw a line diagram of the truss properly 
spaced, such that the lines represent the lines of mean fibre of 
all the members. 

The members can then be drawn round their lines of mean 
fibre, and the joints will arrange themselves so that all the 
stresses, either compressive or tensile, are symmetrically imparted 
from one member to another. 

GENERAL. 

Parallel braced girders are very easy to design up to moderate 
spans. 

The location of shearing stresses in diagonal members leads to 
economy, since the exact stresses and their direction are known 
and can be arranged for accurately. 

They are more sightly than plate girders, and are cheaper per 
foot run than plate girders for spans of 75 feet and up. 

A braced signal girder is shown in Plate XII. ; it will be noticed 
that the panels are not all of the same size. This is due to the 
position of the lines underneath which the signals control. The 
design of such a girder is simple, if the principles are under- 
stood. 

z 2 
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RATIO OF DEPTH TO SPAN. 

Until recent years it was the custom to design girders with a 
ratio of depth to span of 1 to 16, up to 1 to 10 ; 1 to 10 and 
1 to 12 are common ratios now for plate girders, as they are 
economical in the matter of web plate ; but for braced girders 
modern experience advocates a ratio of 1 to 7 or 1 to 5. 

There is no doubt that a very deep girder with a ratio of depth 
to span of 1 to 5 is ugly ; but it is cheap, and where appearances 
do not matter is very good. 

Light sections can be used ; no elaborate plating is required ; 
struts are not complicated; the weight of the girder itself is 
reduced. All these advantages join to make a deep girder 
desirable. 



CHAPTER XIX 

BRACED GIRDERS (2) 

DESIGN 75 FEET CLEAR SPAN. 

Example. 

To design a braced girder for a single line track, and ordinary 
rolling stock. Clear span, 75 feet. The floor is to be of cross- 
girders and longitudinal troughing, and ballast with cross 
sleepers and flexible track (Plate XIII). 

LENGTH. 

The total length of the girder allowing for a bearing of 8 feet 
at either end will be 75 feet + 6 feet = 81 feet. 

The span for calculations will be from centre to centre of 
bearings, i.e., 78 feet. 

PANELS. 
There will be 9 panels of 9 feet each. 

DEPTH. 

The depth will be 10 feet. This is J of the span and is about 
the usual ratio of depth to span for a braced girder. 

LIVE LOAD. 

The correction for the live load will be made by allowing a 
reduced value of "/" in the floors, and by adding a percentage 
to the total live load for the main girder calculations. 

FLOORING TROUGHS. 

The span of the troughs is 9 feet. The heaviest axle load on 
the floor is 19'4 tons, and this is the ruling load for the troughs. 
This gives a load of 9'7 tons per rail. 
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Consider the trough which comes immediately under the rail. 

nj njT 9-7 X 9 X 12 . , . 
Max, Ms = T mch-tons, 

= 261*9 inch-tons. 

Only half of this will be taken by this one trough, owing to 

the distribution of weight by the ballast and sleepers, hence the 

Max. Mb on one trough. 

= 131 inch-tons. 

Dead Load. — Assume a likely section of trough, 2 feet wide, 

9 inches deep, by 26*26 lbs per foot super, 

Then the weight of one trough = 473 lbs. 

Weight of ballast over one trough made 12 inches deep over 

the top of the troughs. 

1 fi 
= 9 feet X 2 X jrt inches X 110 lbs. 

= 2,640 lbs. 
Weight of one line of track with sleepers, etc. 

= 9 feet X -^ 

= 756 lbs. 

Total dead load = 3,869 lbs. 

= 1-73 tons. 

,-. ,^ Wl 1-73 X 9 X 12 
Max. Ms = -gp = 

= 23-35 inch-tons. 
Hence total Ms = 131 + 23*35 

= 155 inch-tons. 

^ y 

Therefore - = 155 -^ 4* 

y . ^ 

= 34'4 inch-tons. 
Therefore the trough selected will do. 

CROSS GIRDERS. 

Span. — The main girders will be high, and hence the maximum 
clearance laid down by the Board of Trade must be given, i.e., 
6 feet 7 inches from inner edge of main girder to the centre of 
the track. 
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The whole span of the cross girders is therefore 13 feet 
2 inches. 

The rails are symmetrically placed, being taken as 2 feet 
5 inches each side of the centre line of the track. 

The cross girder is subjected to dead and live loads, the latter 
being concentrated on the rails. 

Dead Load. — The weight of the cross girder itself may be 
assumed to be 60 lbs. per foot run. 

Therefore its total weight = 18 feet 2 inches X 60 

= 790 lbs. 

Total weight of troughs, 6 widths, 

= 2,886 lbs. 

Weight of ballast = 12 X 9 X | X 110 lbs. 

= 15,840 lbs. 
Total = 19,466 lbs. 



Then Max. Mr = 



= 8*7 tons. 
8-7 X 13 feet 2 inches 



8 

= 171*8 inch-tons. 
Live Load. — The maximum live load is brought on the cross 
girder when the engine shown in Fig. 226 has one axle actually 

K tf-->k 7--- -^ 
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Fig. 296. 

on the cross girder and one on each trough on each side of th€( 
cross girder (Fig. 296). 

Then the load on the cross girder is : 

= 17-5 + 17-5(1 + 1) 

14 
^ 17-5 X -Q- tons, 

V 
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This must be halved to get the load on each rail, and the 
whole load may be taken as being concentrated at the two rail 
points. 

Hence the Mg at each rail is : 

= Reaction at one end of the cross girder multiplied by the 

distance from the end to one rail point. 

7 
= 17-5 X Q X 4 feet 2 inches. 

= 681 inch-tons. 
Therefore the total Mb due to all loads 

= 681 + 171-8. 
= 853 inch-tons. 



Now / = ^. 



= fad. 

9 

2* 



Therefore ad = 190. 

And if d be assumed to be 20 inches, then a = 9'5 square 
inches. 

This is the area of flange required to give enough 3/jj. 

The flange may be made up as follows : 

Two 4^-inch X 4 J -inch X ^-inch angles, and a 9|-inch 
X J-inch plate. 

Deducting two 1-inch rivet holes from each of the two angles 
and from the plate, the effective area is 

= 1025 square inches, 
which is sufficient. 

The web is assumed to be J-inch plate. 

The shear at the ends is iipportant. 

The shear at the end of the cross girder is half of the dead 
load, and the live load on one rail. 

=.^' + 17-5 X I 

= 17-95 tons 

= 18 tons approx. 

This is vertical shear. 

Consider a vertical section at the end of the girder. 
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The depth is 20 inches. With rivets at 4 inches pitch there 
will be five of them in one vertical section. 

|-inch rivets can only take 2*8 tons per rivet in bearing on a 
J-inch plate, using reduced constants. These will therefore not 
be large enough. It will be necessary to use 1-inch rivets at 
8-inch pitch. There will be six of them in one vertical section 
of the girder. Then in bearing at 6*4 tons per square inch, six 
of these will take 19*8 tons. 

These will therefore be used. 

Since the horizontal shear is equal to the vertical shear, the 
rivets in the flanges joining the angles to the flange plates must 
also be 1 inch at 8-inch pitch. The shear continues the same from 
the end of the cross girder to the nearest rail. Consequently 
there is little gained by altering the rivet pitch at the middle 
part of the girder, and it will be kept the same all through. 

Stiffeners, — Stiffeners will be fixed on both sides of the cross 
girder under the rail points. These will be made of one angle 
4^ inches X 4^ inches X i inch riveted to the web. 

The ends of the cross girders will be made of two angle uprights 
4^ inches X 4^ inches X f inch, which will be continued up for 
a distance of 15 inches in order to provide attachment to the 
vertical member of the main girder. 

MAIN GIRDERS. 

Live Load. — Table XVI. gives a load of 2*40 tons (approx.) 
per foot run as the uniform equivalent distributed load for this 
span, and Table XIV. gives a percentage addition of 12 per cent, 
to convert this to dead load. 

Hence the total load for calculation is 

112 
2-40 X Y^ X 78 tons for two girders, 

and Max Mb on the girder treating this as a uniform distributed 
load 

"■ 8 

= l-20x^X78xIi|^. 

= 12,265 inch-tons. 
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Dead Load. — The whole dead load on each cross girder is 8*7 
tons. Therefore the dead load on one main girder at the point 
of junction with each cross girder is = 4*35 tons. 

This total load may be taken as being distributed over the 
whole span uniformly : and there are 8 cross girders. 
Hence the total dead load on the whole span is : 

= 4-85 X 8 
= 34-80 tons. 
The weight of the girder may be taken as 19 tons. 
Therefore the total dead load = 58*80 tons 

(say) = 54*0 tons. 

The Max. Mb = 54 X ~^^^^ 

o 

= 6,818 inch-tons. 
Therefore the total Mg 

= 12,265 + 6,318 
= 18,583 inch-tons 
= /ad. 
If d be 10 feet or 120 inches, then 

fa = 155 tons. 
And if / = 7 tons, then 

a = 22 square inches. 
The Mb diagram is now drawn with this (18,583) as vertical 
ordinate, and is stepped for stresses in the top and bottom flanges. 
The diagram is shown in Plate XIV. 

The ordinates measured are actual ordinates of Mg, and have 
to be divided by the depth in order to find the actual stresses 
in the members. 

The horizontal scale is 16 feet = 1 inch 
and the vertical scale of moments is 

5,000 inch- tons = 1 inch. 
The shear stress diagram is also drawn. 
The total load on each girder is : 

Corrected live load = 105 tons 
Dead load = 54 

The end shears are therefore 52*5 and 27 tons, the diagrams 
for these two being parabolic and rectilinear respectively. 

This diagram is drawn and shown in Plate XIV., the diagram 
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being stepped off to give the vertical shear in each panel : and 
the values of stresses in the bracing are found graphically. 
All the stresses found are now tabulated as under. 



Table of Stresses. 



ac 
de 

fg 
hi 

jk 
Im 

cd 
ef 

gh 

• • 

kl 
mn 

ad 
ce 

df 
«9 

rh 
gi 

ik 




strut. 



or tie. 



tt 



Tie. 



99 



similar members, 
similar to gh. 



Strut. 

Tie. 

Strut. 

Tie. 

Strut. 

Tie. 

Strut. 

Tie. 



The panel points are lettered in the elevation of the girder in 
Plate XIIL for reference, also in Fig. 297. 

It will be seen from the diagrams that reversal of stress takes 
place in the three centre panels. 

In panels 4 and 6 the struts have to carry a compressive force 
of 46*6 tons, or a tensile stress of 9*2 tons. 

No counterbracing will be used here. 

In the centre panel also, the struts are liable to be thrown into 
tension, and here counterbracing will be resorted to by using 
two ties each able to take 26*8 tons tension. 

These ties in the centre panel can never come into compression. 
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Bince the whole stroBS will be taken by the tie acting in the 
direction of the other diagonal of the centre panel. 

It is now necessary to find out the effect of the reversal of stress 
in the diagonals on the tie bar Ik (Fig. 297). 

Suppose the load to have advanced far enough across the span 
to cause the maximum shear to occur in panel 5, and consider 
the vertical forces acting at panel point /. Since there is counter- 
bracing in the central panel, there are no struts in this panel 
and il is a tie. 

The vertical forces acting are : stress in il sin 6 upwards (where 




= 26-8 X 



6 is the angle of the diagonals with the horizontal), and the panel 
load 18*86 tons downwards. 

Now il sin 6 = jk sin 6 

= 26-8 sin 

lOjOO 
13-45 
= 20 tons. 
And panel load = 18*36 tons. 
Therefore the stress in Ik 

= 20 — 18-36 
= 1*64 tons downwards. 
Therefore Ik is a strut and has to carry 1*64 tons. 
Again, suppose that the load is in such a position as to cause 
the maximum shear in panel No. 6, klnm (Fig. 297). 

The stress found and tabulated for the member Im is the reversed 
stress in the member /c/i. 

Consider the vertical forces acting at A:. 
These are kn sin downwards, and 
The force in Ik upwards. The member jk is redundant. 

10-0 



Now 



hi sin ^ = 9-2 X 



13*4 



= 7 tons. 
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Therefore the force in Ik is 7 tons upwards. 

This means that the member kl may be put into compression 
up to 7 tons. 

Some means must therefore be found in designing it to arrange 
for this compression. 

The flange design can now be proceeded with. 

LOWER FLANGE. 

The general design will consist of plates 16 inches wide, and 
on top of them there will be two angles 4^ inches X 6J inches 
X f inch. 
To these will be attached the members of the bracing. 
The net sectional area of these two angles, deducting two rivet 
holes 1 inch diameter 

= 8'66 square inches. 
Assume that the first plate is f inch thick, then its net sectional 
area deducting four rivet holes is 

= 7'5 square inch. 
Total fa taking / at 7 tons per square inch due to these two 
areas is 

= 118-05 tons. 
This will suffice for the first two panels of the lower boom. 
Then assume another plate ^ inch thick of the same width. 
Net sectional area of this plate is 

= 6*0 square inches 
and the /a due to this is 

= 42 tons. 
Total = 155-05 tons. 

This section will suffice all through the lower flange. 

UPPER FLANGE. 

This is in compression and it will be found that the sections 
allowed above are not enough for stiffness. 

The flange is not likely to bend in the plane at right angles to 
the girder, i.e., in the direction of its large dimension, 16 inches ; 
and in the other direction, i.e., in the plane of the girder it may 
be assumed to be half fixed at the ends since it is continuous, 
and is joined by other members as well, which help to keep it stiff. 
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It is necessary to ascertain the maximum value of /, that may 

I n I 
be allowed on this strut ; the formula is t = -7-. 

k h 

Here n = 4*0 from table. 

I = 108 inches. 

m 

h = 7*5 inches approximate. 
From this/c is found to be, 

for ends fixed = 4*87 tons per square inch ; 
for ends free = 4*12 tons. 
Mean value /« = 4*50 tons per square inch. 
Now assume the same members as in the lower flange. These 
are two angles and one plate | inch thick, and they have a 
combined area of 16*15 square inches. 
This will give a total strength, or "fa " 

= 16-15 X 4-5 tons. 
= 72-67 tons. 
This will therefore suffice for the first panel, ce. 
Now add another g^-inch plate. 

Then the additional area is 7-5 square inches, and the 
additional strength or fa is 

= 33-75 tons 
making a total of 106*42 tons. 

This will be sufficient for the second panel, eg. 
Then assume another plate f inch thick. 
The extra strength from this is 33*75 again, 
making a total of 140*17 tons. 

This will do for the third panel, gi. 

To this add ^-inch plate, with an additional strength of 13*5 
tons. 

This makes a total of 153*67 tons and is sufficient for the 
centre panel. 

This completes the selection of plates for the upper boom. 



DIAGONAL STRUTS. 

ac. This end strut always partakes of the nature of the main 
or upper flange, and is generally made like it. 

In this case it will be made the same section as the member eg. 
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The remainder of the struts are diflferent in their type of 
construction, not having a large plate at their back. 
The general type of con- 




I 
^1 



/^i^^>^x% affiles 



^^JplcUe. 




I 

I 
^ U 

FIG. 298. 



struction to be adopted is 
shown in Fig. 298. 

These struts are 18*45 feet 
long, i.e., 162 inches, nearly, 
between points of intersection 
of lines of mean fibre. 

They are most likely to fail 
by buckling in the direction of their least dimension, i.e., in the 
plane of the girder. 

It is now necessary to find the maximum value of /. that may 
be allowed in these struts. 

Consider one pair of angles, 4| inches X 4^ inches X f inch. 

Here n = 4*2 from Table. 
I = 162 inches. 
h = 9| inches. 

Therefore \ = 72*6 
k 

From table it is found that/. 

for ends fixed = 4*60, 

for ends free = 8*59, 

Mean value/ = 4'10. 

ed. Now the net sectional area of one pair of angles as above 

is 9*87 square inches deducting two rivet holes | inch diameter. 

Add to this the area of the portion of f inch plate included 

between the two angles (Fig. 298). 

Its area is = 1*86 square inches. 

Total area = 10*78 square inches. 

Therefore the total safe stress on one pair of angles as above 

allowing/ to be 4*10 tons, is : — 

= 4-10 X 10-73 tons 

= 44 tons. 

This on the two pairs of angles in one strut amounts to 
88 tons. 



S.B. 



A A 
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This will therefore sufl&ce for ed. 

ftj. The same section may be used again. 

hi. In this strut the stress is 46*6 tons compression, or 9*2 
tons tension. 

The reversal is to be met by allowing the strut to take tension 
and in this case the permissible value of /]. must be reduced by 
26 per cent., to allow for fatigue ; vide p. 838. 

The safe stress has been found to be 4' 10 tons per square 
inch. 

This when reduced is 8*07 tons. 

One single pair of 4J-inch X 4i-inch X |-inch angles will 
be found to be insufficient. It is not worth while altering the 
size of angle in use and trying another. The double strut had 
best be used as in the other struts. There is only about 80 per 
cent, waste in this arrangement. 

CENTRE PANEL. 

This panel, as has been said, is to be counterbraced with two 
tie bars, each consisting of a pair of plates. 

The stress is 26*8 tons, and the combined area of each member 

must be -=— , or 4 square inches, 

or 2 inches for each bar. 

They will be made of plates 11 inches X i inch, which 
deducting for three rivet holes gives an area of 4 square inches 
per plate. 

It is not convenient in the design to make them any smaller. 

VERTICAL TIE BARS. 

cd. Stress is 79'5 tons. 

fi may be taken as 7 tons. 

Net area is therefore 11*4 square inches. 

These ties will all be made of two plates riveted one to each 
angle of the flanges. The area of each plate is therefore 6*7 
square inches. 

The width of each vertical member is 11 inches so as to fit 
in with the riveting. There will be three rivet holes in this 
width. 
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Plates f inch thick will therefore be used for this member. 

The section is = f inch X (11 inches -- 3 inches) 

= 6 square inches. 

ef. Stress is 65 tons, or 82*5 per tie bar. 

Use two plates 11 inches X % inch, having net section 5 square 
inches. 

g]i. Stress is 48"4 tons or 24'2 per tie bar. 

Use two plates 11 inches X \ inch having net section 4 square 
inches. 

ij and /fc. The stress is 88*2 tension or 7 tons compression, 
i.e., 16*6 per bar tension, or 8'5 compression per bar. 

The area required for tension is 

_16'6 
" 7 
= 2'4 square inches. 

Therefore two plates will be used of the same section as before, 
viz., 11 inches X \ inch. Deducting three rivets these will have 
an area of 4 square inches each. 

Now each of these bars must also be able to take 8*5 tons 
compression, or 0*9 tons per square inch. 

These must therefore be tested as struts to ascertain at what 
intervals they will require lateral support to prevent failure from 
buckling. 

Their ends will be considered free. 

Referring to table it will be found that for a value of '9 tons 

per square inch, r = 180. 

» , J nl 

And ,- = -T- 
k h 

Here A = | inch. 
n = 8-5. 
Z = ? 
From this I is obtained = 26 inches. 
Hence these plates must be supported every 26 inches. 
They are 16 inches apart in the clear, and they will be sup- 
ported by diaphragms placed between them consisting of J-inch 
plate, fixed to the tie bar by means of two 4-inch X 4-inch X 
^-inch angles on each vertical edge. 

A A 2 
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These diaphragms are the same as those provided at the lower 
portion of every tie member in the girder, as will be explained 
later on, for the support of the cross girders. 

This completes the general design. 

RIVETS AT JOINTS. 

cd. This is a tie bar, consisting of two plates, each 11 inches 
by J inch, and each carrying a stress of 89'7 tons. The rivets 
to be used are ^ inch diameter. The flange angle to which they 
are to be secured is f inch thick. 

Hence, if n be the number of rivets required ; then in bearing 
n X i X f X 8 tons = 39*7 tons. 

n = 10 rivets. 

For single shearing 11 will be required. 

ef. This is a tie consisting of |-inch plates. 

The stress in each is 32*5 tons. 

Ten rivets, ^ inch diameter, are required. 

(jh. This is a lie composed of two plates, 11 inches X i 
inch. 

The stress in each is 24*2 tons. 

Seven rivets will be required. 

ij. This is a tie consisting of two 11-inch by J-inch plates. 
The stress on each is 16*6 tons. 

Five rivets will suflSce. 

de. This is a strut consisting of two pairs of angles, 4^ inches 
X 4J inches X f inch joined together by a |-inch plate. 

The stress is 43*8 tons on each pair of angles. 

Twelve rivets will be required. 

fg. This is also a strut similar to the last. 

The stress is 32*5 tons on each pair of angles. 

Ten rivets will be required. 

hi. This is a strut with a stress of 23*3 tons on each pair of 
angles. 

Seven rivets will be required. 

jk, a These are ties with 26*8 tons on each, or 13*4 tons on 
each plate of the member. 

Four rivets will be required per bar. 
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JOINTS IN MEMBERS. 

Flange Plates, — 44 feet is about the maximum length of plate 
obtainable of the size required for the flanges. 

In the upper flange, there will be joints in the two longest 
f -inch plates. These will be made at the centre. 

The cover plate will be f inch thick, and will be arranged so 
as to be central. The joints of tVie two plates will both be under 
the same cover plate, this latter being made long enough to cover 
both the joints. 

Each joint will be a little to one side of the centre. The 
number of rivets required to transfer the stress from one f -inch 
plate to the cover is 15, and 16 will be used to fit the rivet rows 
in the flange. There are four rows of rivets in the flange, and, 
therefore, the cover plate must extend four pitches of rivets to 
the outside of the joint of each f -inch plate. Between the two 
joints of the plates, five pitches of rivets will be enough. This 
makes a total length of cover plate of 4 feet 4 inches. 

The other plates of the upper flange can be got long enough in 
one piece. 

The same calculations for the lower flange must be made. 
The f -inch plate in the lower flange should have a join at the 
centre, the cover plate being f inch thick and 2 feet 8 inches 
long. 

Angles, — These will also have to be joined. It is not conve- 
nient to join them at the centre where the joints in the flanges 
occur. A convenient place for the join appears to be panel 3 
in the upper flange and panel 4 in the lower flange. The two 
portions of angle on either side of the joint will not be equal, 
but they will be similar in both girders. A suitable cover 
plate is as follows : — 

6 J -inch X f-inch plate at the back of the 6J-inch face 
of the angle, and another plate 8J inches by f inch on the 
front of the shorter face of the angle. 

The maximum safe stress in a 6i-inch by 4j-inch X 
f-inch angle is i)0'28 tons, and the number of f-inch rivets 
required to take this stress is : — 9 rivets ; 6 in the larger plate 
and 8 in the smaller. This concludes the joints. 
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CONNECTION OF CROSS GIRDERS. 

The tie plates of the main girders are carried down the 
outside of all the members outside the edges of the flange 
plates. This is done so as to make them available for the 
attachment of the cross girders to them. 

The ends of the cross girders are made of two angles 4} 
inches by 4^ inches by f inch fixed to either side of the 
web of the cross girder and carried up through the angles of 
the top flange of the cross girder, for a distance of 15 inches, 
so as to give extra riveting space for the joint to the tie 
plates of the main girder. 

The web of the cross girder is also carried up with these 
angles, the top flange plate of the cross girder being stopped 
1 foot short of the end, so as to allow the web plate to pass 
through. 

The number of rivets required for this attachment is only 7, 
i.e., 4 in each vertical angle, of J inch diameter. These are of 
course computed at the reduced value of "/'* to allow for 
live load on the floor. 

Now the rivets of the joint of the tie plates and the flange 
and the struts of the main girder are already sufficiently used to 
make it undesirable to load them also with the floor load. The 
floor weight is therefore taken by the rivets in the upper part 
of the end angles of the cross girder. Underneath the bottom 
of the flange of the cross girder a short piece of plate is riveted 
to the underneath of the flange of the main girder as a support 
and steadier. 

The attachment of the cross girder to the main girder is all 
the lateral bracing that the latter will be given, and is all that 
there will be to hold the main girder upright. 

WIND BRACING. 

This is provided by the floor. The floor troughing is con- 
tinuous, and being riveted together, is strong against lateral 
deflection. 

For open braced girders of such small span this is quite 
enough. 
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JOINTS. 

Each joint in the main girder, with the exception of two, 
requires a gusset plate. This will be f inch thick in all cases. 

It will be placed between the struts and the vertical face of 
the 6J-inch X 4J-inch X f-inch angle of the flanges. 

The tie bars are outside this vertical member of the flange 
angles, and there will have to be a packing piece between the tie 
bars and the gusset plate, f inch thick, where the ties are to 
be riveted to the gusset plates. 

Reference to the drawings in Plate XIII. will explain the 
arrangement of the rivets in each joint. 

DEFLECTION. 
This must be calculated by the formula 

Ey' 

Here n' = 75 

4o 

E = 18,400 tons 

/ = 7 tons 

2/ = 5 feet = 60 inches. 

I = 78 feet = 936 inches 

.•.A=.^X7X ^««' 



48 13,400 X 60 

= -7945 inches, 
which is not excessive. 

CAMBER. 

At the allowance of \ inch per 20 feet of span, 2 inches camber 
should be given. 

WEIGHT. 

The weight of the girder works out to 1673 tons. 

This is well within the weight estimated for the purposes of 
calculations. 

The discrepancy from the weight given in the table is due to 
the fact that the table is for plate girders. 



CHAPTER XX 

BHOP PRACTICE AND GENBBAL DETAILS 

The labour in a steel building yard is generally priced under 
the following headings : — 

(1) Drawing ; (2) Template making ; (8) Marking ; (4) Rolling ; 
(5) Shearing ; (6) Planing ; (7) Punching ; (8) Drilling ; (9) Sawing ; 
(10) Smith's work; (11) Plating up ; (12) Riveting (13) Painting. 

1. Drawing. — The designer's plans are always redrawn by the 
makers before the work is given out into the shops. 

2. Templates, — Templates are made for practically every 
portion of the girder. 

The longest plate in the flange is selected and on it are 
marked all rivet holes, cover plates, beginnings and endings of 
all additional plates, etc., etc. ; so that this one template 
conveys all the information for that boom. 

Templates are also made for all other portions of the structure, 
gusset plates, angle brackets, stiffeners, etc. 

8. Marking. — These templates all go to the marker, who 
marks the plates and angles and passes them out to the shop. 

4. Rolling. — All plates are rolled after delivery from the mills, 
so as to ensure their being properly flat. 

5. Sheanng. — The plates and angles are then cut to size by the 
marks on them ; they are generally ordered from the mills with 
J-inch margin all round the required size which has to be cut 
out. 

6. Planing. 

7. Punching. — The centres of rivet holes are marked by the 
marker with a punch, the marks being about ^ inch deep. 

These are then punched out. 

Practically all the material for any work passes through the 
punching machine. 

8. Drilling. — This is done after the plating has been begun, so 
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as to get all the holes that have to be riveted together properly 
centred, so that they may be drilled in the solid. 

9. Sawing. 

10. Smith's work, — This consists of various bends, joggles and 
odd jobs. 

It is expensive, and should be avoided in the design as much 
as possible. 

11. Plating. — On leaving the punching machine, the material 
is taken by the platers, who are responsible for collecting all the 
pieces of the job and fitting them together. 

The work would then be put together and bolted up, and 
taken to the drill and all the holes drilled out in the solid to the 
full size. 

12. Riveting. — It is then riveted up. 

The platers are responsible for removing all roughness at the 
edges of the drilled holes before riveting up. 

They also do the scraping and painting, with boiled linseed oil, 
of all the portions of the metal that will be inaccessible after 
plating up. 

18. Painting — Scraping and painting then follow, and the 
girder or structure is complete and ready for erection. 

It is at this period between the scraping and the painting that 
the engineer's inspection is most important. 

RIVETS. 

Rivet steel is much softer than plate steel. This is neces- 
sary in order to enable the rivet to thoroughly fill the hole and 
to ensure good work. 

Even when holes are drilled in the solid through plates it is 
rarely that they are absolutely concentric when finally put 
together for riveting up. 

The rivet hole is made ^ inch larger than the rivet. 

The reason for this is twofold. 

When hot the rivet increases in diameter and will not go into 
a hole of the exact size ; and also if the holes be a little untrue 
the net diameter of the completed rivet comes about to what was 
intended in the design. 
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It is therefore absolutely necessary that when the rivet is put 
into the hole it should be so compressed that it shall completely 
fill the hole. Hence the steel must be soft and ductile. 

Bivet steel is usually specified to stand a tensile stress of 26 to 
SO tons per square inch. 

It must also be subjected to a bending test. 

A rivet should stand being bent into a U shape, so that the 
head and tail meet, without showing any cracks at all on the 
convex side. 

RIVET HOLES. 

Steel plates are marked with a punch where the centres of 
holes are to come. These punch marks are made ^ inch deep. 
Where several plates are to be riveted together each is thus 
marked, and then taken to the punching machine. 

Holes are then punched ^ inch less than the finished size, Le.y 
if J-inch rivets are shown on drawings, ^f -inch holes 
will be the final size. These will therefore be punched 
out to ^ inch. 

The punch is something similar to that shown in 
Fig. 299. 

Should the workman not have got the plate in the 
exact correct position under the punch, the centre bit 
will strike the edge of the punch hole, in the plate 
and will centre itself. 

There is always a certain amount of play in the 
tool. 

After punching, the girders or parts of girders are 

put together with bolts and nuts, and are then taken 

to the drilling machine, where the holes through all 

the plates are drilled out together in the solid to the 

correct size. 

This process of punching first and drilling out afterwards 

saves cost of construction, and ensures the utmost accuracy in 

concentricity of holes. 

Many engineers still dislike this process and specify nothing 
but drilled work, fearing the distress of metal caused by 
punching. 






Kia. 299. 
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Fio. 30()« 




Fio. 301. 




But the distressed portion is all drilled out by the above 
process and good holes are obtained. 

Any divergence from the usual practice of the steel works that 
get the contract for con- 
struction may entail addi- 
tional cost. 

The above remarks apply 
to important structures such 
as bridges. 

For light work of no great 
importance or where no 
great strains are expected, 
plain punched holes are 
quite good enough and are 
much cheaper. For ex- 
ample: small tank stands, 
grille lattice-work for the 
handrail of a long girder, 
etc. 

Drilled holes have always 
got a sharp edge, and some engineers specify that this should 
be rimered down, as shown in Fig. 300. This is, however, not 
necessary. 

Punched holes are never cylindrical, but are similar to the 
frustrum of a cone (Fig. 802). 

If two punched holes are to be riveted together. Fig. 801 is a 
better arrangement than 802 provided that the rivet fills the hole. 

RIVETING. 

Riveting may be done by three different processes : — 

1. Hand riveting; 2. Machine riveting; 3. Pneumatic 
riveting. 

1. Hand Riveting. — This is the least efficient of the three. 
It takes longer to do, and a rivet gets cold before it can be got to 
fill up the hole. 

The proof of this is that a hand-formed rivet may have its head 
cut ofif, and the tail and the shank can then be knocked out with 
ease from the rivet hole. 



FiQ. 302. 
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In structures such as steel masts, built up of curved plates, 
where rivets are countersunk on the outside, and have their heads 
inside, liand riveting is employed, on account of inaccessibility 
for any other tools. Also in girder erection, where parts, sent 
separate from the shops, have to be put together on the site, hand 
rivets will sometimes have to be used. 

A hand-made rivet can be told at once by the hammer marks, 
and generally by the flatness of its head. 

Hand-made riveting should be avoided wherever possible. 
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Fig. 303. 



Fio. 304. 



2. Machine Riveting, — In this process the rivet is pressed by hy- 
draulic pressure into its hole, so that it is compelled to fill the hole. 
The head is formed in the same process. 
A machine rivet is seldom found to be anything but the best 
and completely fills its hole irrespective of the number of edges 
that there may be in that hole. 

When the head of a machine-made rivet is cut off, the rivet can 

rarely be punched out, but must be 
drilled out like a piece of the soUd 
metal. 

This is by far the best riveting. The 
head is always fair, and usuaUy has a 
rim round it, as in Fig. 303. 

3. Pneumatic Riveting. — This is done 
with pneumatic tools, and is invalu- 
able for use in erection, or work any- 
where out of the shops, where heavy 
hydraulic tools are not available, or convenient, or in inaccessible 
places. 
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The rivet i^ formed by a succession of blows, instead of by 
sheer pressure ; but the results are practically as good as machine 
riveting. The head is usually marked with a spiral line showing 
the edge of the snap at the last stroke (Fig. 805). 

General Remarks on Rivets. — In riveting up any steel work the 
parts must first be bolted tightly together; bolts every sixth 
hole. 

As the riveting proceeds the parts immediately in front of the 
riveters should be drawn tightly together by extra bolts. This 
ensures contact of the plates, and gets the maximum value out 
of the contractive or drawing together action of the rivets on 
cooling. 

The length required for a rivet is important and must be 
accurately gauged for good work. 

In calculating out the necessary length, there is of course the 
length of shank due to the thickness of plates to be riveted up, 
and then a projection of metal for forming the head. 

The portion of the rivet shank that is contained in the hole in 
the plates is called the '' grip," and the projecting part of the 
shank necessary for forming the head is called the " clink." 

The amount of clink required depends on the grip, the number 
of plates in the grip, the diameter of rivet, and the nature of 
riveting that is to be employed, since a good deal of the clink is 
pressed up into the hole in the plates, which is bigger than the 
rivet. 

For machine riveting the length of shank is equal to the length 
of grip : — 

+ 1 inch for the head. 

+ J inch for a two-plate joint. 

+ J inch for every additional plate. 

This must be accurately ascertained so that rivets of the right 
sizes can be got and cutting avoided. 

Too much clink produces a head rather like Fig. 808, only 
rather more spreading. 

The diameter of the head should be equal to the diameter of 
the rivet + J inch. 

For hand riveting (^ inch rivets) IJ inch to 1 J inch is enough 
clink for two-ply joints. 
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For three-ply joints and over, J inch is added, irrespective of 
the number of plates. 

This is based on experience, and proves that on three-ply joints 
and over, the rivet metal only fills up the outer portions of 
the hole, when formed by hand. 

The length of a rivet in the grip should not exceed five times 
its diameter. 

Bivets of this length are subjected to a tremendous ten- 
sile stress when they cool. Long rivets have been cut out 
of old work, and are found to have actually passed the elastic 
limit and elongated, becoming smaller in diameter at their 
middle. 

PITCH. 

The pitch of rivets is not always an easy question. It is 
regulated in nearly every case to a certain extent by some 
stringent practical requirement. 

4 inches is the usual pitch. 

As a rule in flanges, 6 inches or 8 inches would suffice for 
strength, but if rivets be too far apart, the plates buckle between 
rivets and allow dampness to get in between and corrode the 
metal. Moreover, it must not be forgotten that in a compression 
member, rivets add greatly to the stiffness of the member against 
buckling, by keeping the component plates or bars of the member 
together so that they act as one member. 

As a rule J-inch rivets will be used in flooring and J-inch to 
1-inch rivets in main girders. 

Larger rivets than 1 inch are very rarely used. 

In riveted joints for braced girders it is better to use large 
rivets, than to increase the thickness of plates to obtain bear- 
ing area. Gusset plates are also used to get extra rivets at a 
joint. 

In plate girders it will be found that the bearing area of rivets 
is nearly always deficient near the abutments. The pitch is 
nearly always a fixed quantity, and therefore the diameter will 
have to be increased. 

To alter the pitch of rivets at a joint is bad design. 



r 



SHOP PRACTICE AND GENERAL DETAILS 367 

SMITH'S WORK. 

Smith's work includes nearly all manual labour ; it is both 
slow and tedious, and runs into a lot of waste of time and expense. 

It should be kept as little as possible by the designer, by 
adhering to plain and straight plates and angles, etc., throughout. 

All bends and other odd jobs go to the smiths, who are kept 
employed at special work. 

Small bends in angles can be made cold ; large bends are made 

hot. 

With the hydraulic presses now in use a tee or angle steel can 
be bent inwards through 90° or outwards through 45^ without 
any cutting of the stem at the bend. 

Such bends are very simple. 

If curves or bends are to be formed on the end of a long bar, 
the labour is increased greatly. 



SUNK WORK. 

Both in large, and more particularly in small plates, sunk work 
is undesirable. In " sunk work " are included edges of members 
which are not straight, but have a concave form or re-entrant 
angle in them ; vide right 
hand side of Fig. 806. 

The saving of weight is 
more than covered by the 
extra expense of labour in 
cutting the piece out of the 
plate to waste. 

The shearing machine can- 
not get at these concave edges and they have to be cut by punch- 
ing a row of holes all round the proposed cut, and then the edge 
is ground smooth on an emery wheel. The process is slow and 
expensive. 

The appearance of a structure may, however, justify such 
expense, or if there be many plates of a kind, the saving of 
weight may demand it. 

Compare Figs. 306 and 307 ; the latter is good. 

In the case of large plates with a re-entrant edge two plates 
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FiQ. 306. 



Fig. 307. 
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can generally be joined together to form the required shape^ 
instead of cutting portions of one whole plate to waste. 

CURVED WORK. 

Curved edges are also more expensive than straight, even 
when convex, as they require grinding by emery tools and a lot 
of additional labour and handling. 

INSPECTION. 

The inspection of the material is an important matter, but is a 
subject by itself and apart from the purpose of this short 
chapter. 

But the inspection of the labour of construction and plating 
is a most important matter and deserves mention. 

This inspection usually takes place in the building yard after 
the structure has been put together complete, except for scraping 
and painting. 

After the full growth of mill scale the whole structure is 
cleaned bright by scraping, or by the sand blast, and is then 
ready for inspection. The inspector should be present through 
all this part of the work until the first coat of paint is set and 
dry. Too much care cannot be given to this part of the work, 
forming as it does, the most tedious part from the contractor's 
point of view. 

It, moreover, often happens that the work has got a little 
behind hand, and somebody is in a hurry and wants to rush 
through this part of the contract. 

The main points to see are : 

Cleanliness from mill scale, dirt, rust, etc., before any coat of 
paint or other skin covering is put on. 

Proper fit and thickness of plates. 

Riveting. 

Inspection of rivet work. 

This, like all other inspections, must be carried out before a 
single dab of paint is put on the structure. 

Rivets should be sounded with a light hammer. 

To distinguish the sound and feel of a bad rivet, viz., one that 
does not fill its hole, requires a little practice. 
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The sound is, however, very similar to that given by any 
defective piece of metal, and compares with the sound of a good 
rivet much as the sound of a bad coin does with that of a good 
one. 

RIVET HEADS. 

Theoretically, a rivet head should terminate exactly where 
the snap meets the plate. 

But in practice a head like that in Fig. 808 is good. 

Too much metal in the head is far better than too little. 

An eccentric head is shown in Fig. 804. 

It is characterised by a rounded undercut edge on the one side and 
a flat on the other. 

If it is visibly out of line, or appears very wrong on comparison 
with the template or plans, it should be cut out. 

Ruthless cutting out is, however, inadvisable, for the rivet may 
sometimes have to be replaced by a hand-made one, and it is 
doubtful whether this latter will be as good as the rejected one. 

The metal of the head should touch the plate all round to 
prevent the entrance of water under the rivet head. This 
fault is particularly liable to occur when pneumatic riveting tools 
are used. 

It should be impossible to insert the point of a penknife more 
than i inch under the head of the rivet. Of course if the knife 
can go in i inch, it means that the shank of the rivet is 
exposed. This is bad. 

While contractors expect and rely upon a certain amount of 
inspection, they dislike too much of it. 

This is not for any nefarious reason, but simply because too 
frequent inspection delays the work. 

PAINT OR SKIN COVERINGS. 

The protection of steel from rust is a question of vital impor- 
tance. Until lately it has not been studied very much, and the 
consequent corrosion of metal structures erected only 50 years 
ago is very large. 

By an ordinary natural law, steel and iron when exposed to 
water, or air laden with water, will oxidise, forming red rust. 

S.B. B B 
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This will in time reduce the metal section of the structure to such 
a size as to render it no longer safe. 

The most obvious method of excluding moisture is to provide 
an absolutely waterproof coating over the metal. 

Provided this coating be efficiently maintained all moisture will 
be excluded. 

But this is not in itself enough ; the coating must be applied 
to the steel when it is absolutely clean, so that there is nothing 
between it and the steel. 

Fc^Oq, which is ordinary red rust, always contains a large 
percentage of water, and if rust spots on metal are painted over 
without scraping, the water that is imprisoned in the JFV3O3 under 
the painb will form more Fe^Oa, liberating a lot of hydrogen. 

This fl, having a large volume, will break through the paint 
covering and admit a little more moist air to the a£Eected part. 
By raising the paint covering it will also increase the surface 
over which corrosion is going on. 

Steel is found to rust rather more than wrought iron, and 
therefore additional care is required in modern structures. 

The metal section of girders, etc., should not be cut too fine but 
a slight margin should be left for corrosion and loss by 
scraping. 

MILL SCALE. 

When steel leaves the mills where it is made it wears a scale 
known as ** mill scale." This mill scale is not very apparent 
at first, but appears to grow on the surface of the steel, and 
finally becomes quite loose, flaking off and leaving underneath 
itself a rusty surface. 

It is of no avail to try to hurry this scaling process. To put a 
coat of paint over it is useless, for the mill scale will break it up 
again, and the state of things explained above will occur. 

The mill scale on the steel is gradually growing all the time 
while it is being kept stored in the yard or is being worked ready 
for use, and takes about four to six months to grow and begin 
flaking off. 

If time admits, it is best to allow the steel to wait until all 
the scale is loose. 
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It can then be scraped clean from all mill scale and rust, and 
paint properly applied then will keep the steel from further 
corrosion. 

As a rule', however, time is not available, and the girders or 
other work, when constructed, are despatched to the site of 
erection (perhaps abroad) with a great deal of mill scale still 
ungrown upon them. 

In such a case it is wise to apply a coat of boiled linseed oil to 
the structure while at the yard. Where the steel appears fairly 
clean and blue, this may be applied without scraping. Where 
the steel is red rusty, scraping is necessary. This coating merely 
preserves the metal from excessive oxidisation ; it in no way 
prevents the mill scale from forming and finally breaking up the 
whole coating of linseed oil. This coating must not be looked 
upon as anything but a temporary measure during the formation 
of mill scale. 

(It may be noted that a linseed oil coat renders the subsequent 
scraping of the steel more difficult than it otherwise would be.) 

If, however, there is no violent hurry for the work, it is best to 
allow all mill scale to form while the structure is in the yard. 
The whole structure can then be cleaned thoroughly, and painted 
immediately after. 

Before painting, the scraping must be most thorough. 

The steel should be absolutely bright, without a trace of rust, 
and the inspection should be most searching. 

The painting should be done within a very short time (say one 
hour, if possible) of the completion of the cleaning process, or 
rust will begin, due to the moisture of the air. The painting must 
therefore closely follow the scraping, and the inspector should be 
present during these processes. 

It will be seen that the whole question hangs on the time 
taken for mill scale to grow. Until it has grown it is no use 
trying to apply a permanent coat. 

It should be specified that the hidden parts of all steel should 
be scraped and coated with boiled oil before being riveted 
together, though this is done as a matter of course in all steel 
yards. 

When the riveting is done, the metal contact is so complete 

B B 2 
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and intimate between the metal surfaces that there is no longer 
any fear of air or moisture getting into the joint. The rivets, 
however, should not be spaced more than 4 inches to 5 inches 
apart in order to ensure this contact. 

CLEANING. 

Cleaning steel is not easy, and scraping is a process that is 
frequently shirked. It is slow and tedious, but must be 
thorough. 

After mill scale has been roughly scraped off, steel plates can 
be cleaned by an acid bath. This must be done before the plates 
are put together. It is an expensive process, but good. This is 
the process employed by the Admiralty in English dockyards. 

SAND BLAST. 

Another process for cleaning is the sand blast. 

Air at 50 to 60 lbs. pressure is forced through a small nozzle, 
and sand is blown through with it. 

The sand should be sharp and gritty. 

The sand blast produces the cleanest surface on the steel, and 
renders all parts accessible, clean and bright. 

For cleaning steel in the building yard, after mill scale has 
formed, it is most excellent. 

The painters should follow the sand blast without the lapse of 
more than one hour. 

The sand blast is also good for use after erection. It is more 
expensive than scraping, but is more thorough. It is well worth 
spending a little more per ton on the scraping and painting, if 
thereby perfection is as nearly as possible attained, and the life of 
the structure is prolonged. 

In painting after erection, some precautions must be taken to 
avoid the sand blowing on to the newly painted work, etc. 

So far it is the difficulties due to mill scale that have been 
discussed ; to summarise them : — 

No coating applied before the mill scale has flaked off is 
of any value as a permanent covering. 

No coating applied on steel improperly cleaned is any real use. 
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The next most important question is, " What paint to use." 
The word paint has so far been used in a broad sense, meaning 
any covering that excludes water. 

Some coverings wear better than others, some are more 
impervious, and each has its own peculiarities. 

PORTLAND CEMENT. 

Cement or concrete forms the best covering for steel that is 
known. Steel in ferro-concrete construction appears to be 
practically indestructible provided the concrete is sound and 
waterproof. 

Concrete is very useful on bridge floors. They should be 
cleaned and covered with concrete all over. 

A layer of some waterproof material is then usually applied 
underneath the ballast. 

PAINT. 

The whole subject of paint selection is a very difficult one. 

The best paint varies with each site. 

Experiments at the site of each proposed structure may be 
useful. 

Red lead mixed with boiled linseed oil is the most usual paint 
for the first coat. 

It is impossible to exaggerate the necessity for using the very 
best quality paint, whatever its nature may be. 

The market teems with bad paints and inferior oils, and the 
utmost care is necessary. 

SPECIFICATION. 

For a complete specification for structural steel for bridgework, 
the reader is referred to the publications of the British Standards 
Committee. 
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TABLE I. 
Safe Working Stresses on Iron and Steel. 

Factor of Safety, 4. 



Material. 


Trans- 
verse 

Stress 


Tension 

4 


Com- 
pression 


Bearing 


Shear- 
ing 


Modulus of 
Elasticity 

JS. 




Safe Stress in tons per square inch. 


Ibe. per sq. inch. 


Steel 

Wrou(?ht Iron . 
Cast Iron 


7 
6 

H 


n 

6 

n 


7 
5 
8 


8 

6 

10 


5i to 6 
4 to 5 

2i 


30,000,000 
29,000,000 
17,000,000 



TABLE 11. 

^ , ^ nWP n'fP 
Formula A = -,,^ = — :, -. 

LI Elf 

n nnd n* are constants depending upon the method of fixation or 

support of the beam and method of loading. Yalaes of n 

and n' will be found on the table below. 
W is the total load in same unit as E, 
I is the span in inches. 
E is the modulus of elasticity of the material to be found on 

Table I. ; E must be in the same unit as W. 
I is the moment of inertia of the section. 
/ is the modulus of rupture of the material, Table I. 
y is the maximum distance of the extreme fibre from the neutral 

axis in inches. 

Values of n and n'. 



Arrangement of Beam and Load. 


Beam of uniform cross- 
section throughout its 
length. 




Value of 
n. 


Value of 


Supported at both ends and loaded uniformly . 
Supported at both ends and loaded at centre 
Fixed at both ends and loaded uniformly .... 
Fixed at both ends and loaded at centre .... 
Fixed at one end and loaded at the other (cantilever) 
Fixed at one end and loaded uniformly (cantilever) . 
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TABLE IV. 



Values of n for use with 
Table V for Struts. 



Section 



n 



Section 



n 



Section 



n 



r 
I 

h 



h 



HoUow 



Metal hth.b 



to' 



^^jJJU i 



x:x 



^^^ 



cr 



-Ol 



k— 



---»J 



Tzr 



SoUd 

o 



HoUow 

A 

I 

Metal ^xh.h 




3-5 



Ti 



C-0 



20 



2-5 



30 



20 





40 



4-2 



40 



01 



-< — *--> 




Area of Web — 
■5- »» of Flang-e: 



-<- ii 




Area of Web — 
y jt of Flanflres 



0-0 



r. '^ 





'*—-2h- — ^ 




^ 3*--- 




49 



39 



3-8 



4-3 




40 



TABLES 



377 



TABLE V. 

Showing Strength op Columns op Cast Ibon, Wbought Iron, and Stbel. 

Here I ^ length of strut between ends in inches. 

yfe ^ least radius of gyration, ».«., the square root of " Moment of Inertia -i- area 

of cross section." 
f = safe stress in tons per square inch. 







[ron. 


f 

• 


1 

p. 




I 
k 


Cast 


Wrought Iron. 


Mild Steel. 


EndH 


Ends 


Endfl 


EndH 


Ends 


Ends 




Rounded. 
8-68 


Fixed. 

8-85 


Rounded 


Fixed. 


Rounded. 


Fixed. 


10 


400 


400 


5-33 


5-34 


15 


8-41 


8-76 


3-98 


400 


5-26 


5-31 


20 


8-07 


8-65 


3-92 


3-99 


5-20 


5-29 


25 


7-58 


8-46 


3-88 


3-98 


513 


5-24 


30 


6-98 


8-21 


3-80 


3-95 


5-02 


6-20 


35 


6-32 


7-91 


3-72 


3-92 


4-90 


515 


40 


5-68 


7-56 


3-64 


3-89 


4-76 


509 


45 


602 


719 


3-54 


3-86 


4-58 


503 


50 


4-43 


6-82 


3-44 


3-82 


4-40 


4-98 


55 


3-84 


6-46 


3-31 


3-78 


4-22 


4-92 


60 


3-35 


610 


317 


3-73 


402 


4-83 


65 


2-92 


5-75 


304 


3-68 


3-80 


4-75 


70 


2-57 


5-39 


2-90 


3-65 


3-59 


4-67 


75 


2-23 


502 


2-76 


3-55 


3-37 


4-56 


80 


1-96 


4-68 


2-60 


3-48 


315 


4-45 


85 


1-74 


4-33 


2-46 


3-40 


2-96 


4-35 


90 


1-56 


400 


2-33 


3-32 


2-77 


4-25 


95 


1-42 


3-66 


218 


3-22 


2-56 


413 


100 


1-29 


3-35 


2-03 


317 


2-40 


400 


lOi: 


117 


307 


1-92 


308 


2-24 


3-88 


110 


107 


2-80 


1-79 


3-00 


208 


3-74 


115 


0-99 


2-57 


1-67 


2-91 


1-95 


3-61 


120 


0-93 


2-37 


1-57 


2-82 


1-83 


3-46 


125 


0-86 


219 


1-47 


274 


1-71 


3-32 


130 


0-80 


203 


1-39 


2-66 


1-61 


3-21 


135 


0-75 


1-90 


1-32 


2-58 


1-50 


309 


140 


0-70 


1-78 


1-24 


2-48 


1-42 


2-96 


145 


0-66 


1-66 


117 


2-40 


1-36 


2-85 


150 


0-61 


1-56 


MO 


2-32 


1-28 


2-72 


160 


0-56 


1-40 


0-98 


214 


113 


2-51 


170 


0-49 


1-25 


0-88 


2-00 


101 


2-32 


180 


0-43 


114 


0-80 


1-84 


0-91 


213 


190 


0-39 


1-03 


0-72 


1-70 


0-83 


1-97 


200 


0-36 


0-93 


0-66 


1-57 


0-75 


1-83 


210 


0-32 


0-84 


0-58 


1-46 


0-68 


1-68 


220 


0-30 


0-77 


0-65 


1-35 


0-62 


1-56 


230 


0-28 


0-70 


0-50 


1-26 


0-58 


1-44 


240 


0-25 


0-64 


0-46 


1-18 


0-53 


1-34 


250 


0-23 


0-59 


0-42 


Ml 


. 0-49 


1-25 


260 


0-22 


0-56 


0-40 


104 


0-46 


116 


270 


0-20 


0-52 


0-37 


0-97 


0-42 


1-08 


280 


019 


0-49 


0-35 


0-91 


0-39 


101 


290 


018 


0-46 


0-32 


0-86 


0-37 


0-96 


300 


017 


0-43 


3-30 


0-80 


0-35 


0-92 



For practical purposes the value of -=- can be found with sufficient accuracy from 

I I 

r =^n J where n and A are taken from Table IV. For accurate work k can be 

k h 7 

found from Table VI., and v calcuhited direct. This table will then give/^ 

ft 
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TABLE VL 

Showing Value of A (the Radius of Gyration) for 
Various Shapes of Cross Section. 



Shape of Cross Section 



n 

-< D-» 




Solid square 



Hollow square (thickness uniform) 



I I Solid rectang^le 



•<■ B 




t Hollow rectangle (thickness uniform) 



o 




Solid circle 



Hollow circle (thickness uniform) 




D 



B^ 




-*F*. 



^ Phoenix column 



I beam 



Channel iron 



'^^ Angle with equal legs 




>^S^ Angle with unequal legs 

I I TwithF=f 

Cross with F=f 



^ 



Least Radius 
of Gsrration 



Side 

Vi2 



v^ 



D«+</« 



12 
Least side 



\/i2 



V^ 



12(BD-6tf) 



Diameter 



n/ 



D« + rf« 



16 



D X 0-3636 



B 



4-58 



3-54 

5 

F/ 



2-6 (F+/) 



F 



4-74 



Remarks 



'\/l2=3-46 



TABLES 

TABLE VII. 
Values of "a" for Gordon's Formula for Struts. 

Factor of Safety = 4. 



879 



Timber 



Cast Iron 



Wrought 
Iron 



Steel; Mild 
Structural 



Hard Steel 



Shape of Cross Section 



Values of 



ends 
free 



Rectangular 
Circular 
Circular Solid 

»» Hollow 
Rectangular Solid 



O 

o 
o 



l» 



Hollow 



Cross Shape 

Rectangular 
Circular Solid 
>> Hollow 




Other Shapes L T + 

□ $ Z 



1 



Rectangular 
Circular 



o 

Hollow O 

D X, nr^etc. 

Rectangular LIj 

Circular v^ 

Hollow O 



Where Fc 

/c 
A 



Total safe pressure in lbs. or tons. 
Safe resistance to crushing in lbs. or tons. 
Cross sectional area in square inches. 



Where / 



60 

J_ 
60 

1 
100 

1 

200 

3 
400 

a 

440 



200 



2500 



900 



600 

1 
350 

1 
635 

1 
250 

1 
350 

1 
225 

1 
375 



ends 
fixed 



1 
250 

1 
250 

1 
400 

1 
800 

3 
1600 

3 
1760 

3 
800 



2500 



1 
900 



1 
2000 

1 
1400 

1 
2500 

1 
1000 

1 

1400 

1 
900 

1 
1500 



one end 

free 
one fixed 



a 



1 

140 

1 
140 

1 
160 

1 
320 

1 
210 

1 
232 



320 



1 
1000 



360 



1 



1000 



775 

1 
1400 

1 
550 

1 
775 

1 
500 

1 
1850 



1450 lbs. 



It It 



8 tons 



It (I 



• ■ M 



7K" 



12K. 



II II 



d 

a 



Length of bar in same unit as d. 
Least transverse dimension of the bar* 
Constant from above table. 
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TABLE IX. 
Strength of Eivets. 



Rivet. 


Shear. 
(6 tons per sq. inch.) 


Resistance to bearing of one rivot in plates of varions 
thicknesses— at 8 tons i^er square inch. 




Single. 


Double 1 


A 


r 


i" 


r 


r 

312 
3-75 
4-37 
6-00 


r 


i" 


1" 


8" 

X" 

1" 


1-84 
2-65 
3-6 
4-7 


3-22 
4-64 
6-3 
8-2 


0-31 
0-37 
0-44 
0-50 


1-25 
1-50 
1-75 
200 


1-87 
2-25 
2-62 
3-00 


2-50 
3-00 
3-50 
4-00 


3-75 
4-50 
5-25 
600 


4-37 
5-25 
612 
7-00 


6-00 
6-00 
7-00 
8-00 



Rivet. 


Shear at 
6'5 tons pnr sq. inch. 


Bearing. 
(At 10 tons per square inch.) 


Diameter. 


Single. 


Double. 


i" 


r 

2-34 
2-81 
3-28 
3-75 


i" 


r 


j« 


r 


1" 

3" 
If/ 

1" 


1-99 
2-87 
3-91 
510 


3-47 
n-03 
6-84 
8-93 


1-562 
1-875 
2187 


313 
3-76 
4-38 
5-00 


3-91 
4-69 
5-47 
6-25 


5-63 
6-66 
7-5 


7-66 

8-75 



^ In this case double shear is taken at 1} times single shear. 



\ 



'lofaee }}a^e 880. 



'vx:^^:.-,^^?^ 



Distance 

between 

plates 

in the 

clear in 

inches. 



6 

6J 

7 

8 
8^ 

1) 

10 

lOJ 

11 

lU 

12 

124 

13 

13^ 

U 

15 

15^ 

16 

16^ 

17 

17i 

18 

18^ 

19 

19i 

20 

20^ 

21 

2\\ 

22 

224 

23 

23} 

24 



IJ" 



9-24 
6-85 
4*94 
B-49 
2-52 
201 



}l-97 
}2-40 
;3-30 
!4-66 
}f>-50 
^S-81 



•48 



^42 
J)-29 
3)-63 
^)-43 

0-45 



i>i 






2^ 



-f-^-- 0/ --> 



■->-66 

;b-34 

;ho 

7|l-l^^ 
1-74 



7 



B-77 



2 



»/ 



65-33 
73-58 
82-33 
91-58 
101-33 
111-58 



122-33 
133-58 
145-33 
157-58 
170-33 
183-58 

197-33 
211-58 
226-33 
241-58 
25733 
273-58 



290-33 
307-58 
325-33 
343-58 
362-33 
381-58 



401-33 
421-58 
442-33 
463-68 
485-33 
507-58 



530-33 
553-58 
577-33 
601-58 
626-33 
651-58 
677-33 



24 



n 



133-10 
14518 
157-80 
170-95 
184-63 
198-84 



213-58 
228-86 
244-66 
26100 
277-86 
295-26 



313-19 
331-65 
350-64 
37017 
390-22 
410-81 



431-93 
453-57 
475-75 
498-47 
521-71 
545-48 



569-79 
594-62 
619-99 
645-89 
672-32 
699-28 
726-77 



H 



n 



144-28 
157-22 
170-72 
184-78 
199-40 
214-59 



230-34 
246-65 
263-53 
280-97 
298-97 
317-53 



336-65 
356-34 
376-60 
397-40 
418-78 
440-72 



463-22 
486-28 
509-90 
534-09 
558-84 
58415 



61003 
636-47 
663-47 
69103 
719-15 
747-84 
777-10 



2i" 



247-62 
264-98 
282-95 
301-50 
320-65 
340-39 



360-72 
381-66 
403-18 
425-30 
44801 
471-31 



495-21 
519-70 
544-79 
570-47 
596-74 
623-61 



651-07 
679-12 
707-77 
73702 
766-85 
797-28 
828-31 



2i 



n 



265-42 
283-85 
302-92 
322-60 
342-92 
363-85 



385-42 
407-60 
430-42 
453-85 
477-92 
502-60 



527-92 
553-85 
580-42 
607-60 
635-42 
663-85 



692-92 
722-60 
752-92 
783-85 
815-42 
847-60 
880-42 
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TABLE X. 
Safe Loads in Tons for Sinolb T Sibdts (Steel). 

Free ends. 



Length. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Ft. Ins. 


2Jx24xJ 


2}x2}x} 


3x3x1 


3Jx3}x| 


4x4x} 


4xox J 


4 


8-25 


400 










8 


306 


3-80 










6 


2-86 


3-60 


7-53 








9 


2-70 


8-40 


7-20 








5 


2-53 


3-22 


6-88 


914 






8 


2-39 


3-04 


6-58 


8-85 






6 


2-25 


2-88 


6-27 


8-50 






9 


2-12 


2-73 


5-97 


8-18 






6 


200 


2-59 


5-72 


7-86 


13-89 




8 




2-46 


5-44 


7-59 


12-94 




6 




2-32 


5-19 


7-29 


12-56 




9 






4-98 


6-99 


12-10 




7 






4-78 


6-72 


11-70 


12-85 


3 






4-56 


6-42 


11-82 


12-40 


6 






4-37 


6-20 


10-91 


11-94 


9 








5-98 


10-54 


11-48 


8 








5-73 


10-17 


1114 


8 








5-50 


9-79 


10-67 


6 








5-31 


9-41 


10-25 


9 








513 


9-15 


9-95 


9 








4-91 


8-85 


9-60 


8 










8-55 


9-81 


6 










8-25 


8-97 


9 










8-00 


8-68 


10 










7-75 


8-37 



Note. — For thicker sections of same external dimensions as the above, increase the 
load proportionately to the area. For rivet holes deduct proportionately to 
the area. 
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TABLE XJJL 
"Weight of pZajbe gircUrs. epoat "enA to end. of Girders^ 




20 30 



40 50 60 

Span, in, Feet. 



70 80 90 m 



TABLE BY 
: aSditijin. for live loaSs o 
Roihuiut Bridgea. 



Far cross girders aSar 106% 

Far mam. girders aUar abort ptrcentageB. 



TABLE 3W 
TABLE or PERCtKTACES 
ef Kve Had. en, SaidSridga for goed, aacadam mad cr iroci l>li>A. 
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TABLE XVI. 

Umifobu Equivalent Live Loads for Heaviest Locomotives 

ON SiNOLB Line Track. 



Span in feet.> 


Tong per foot 
of Span. 


10 


3-99 


15 


8-72 


20 


3-44 


25 


3-35 


80 


8-28 


85 


806 


40 


2-88 


45 


2-67 


60 


2-60 


55 


2-50 


60 


2-47 


65 


2-44 


70 


2-41 


75 


2-88 


80 


2-85 


85 


2-82 


90 


2-30 


100 


2-29 


120 


2-28 


140 


2-27 


160 


2-26 


180 


2-25 


200 


2-25 



^ The span above is the effective span between bearing centres. The table is 
based on the rolling stock of the G.W.H., England, 1911. 
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TABLE XVn. 

Standabd Equivalent Unifobh Load in Tons peb Foot Bun 
OF Single Track (for use in calculating Bending Moments). 



Span. 


5 feet 6 inches 
Gauge. 


Metre Qange. 


5 


90 


5-0 


10 


4-5 


8-818 


15 


4-184 


2-750 


20 


3-775 


2-468 


25 


8-455 


2-285 


80 


8-225 


2-166 


85 


8-05 


2-071 


40 


2-919 


2-00 


45 


2-818 


1-945 


50 


2-788 


1-900 


55 


2-678 


1-859 


60 


2-616 


1-828 


65 


2-570 


1-789 


70 


2-529 


1-759 


75 


2-498 


2-785 


80 


2-468 


1-711 


90 


2-408 


1-660 


100 


2-860 


1-618 


110 


2-818 


1-564 


120 


2-270 


1-628 


180 


2-285 


1-485 


140 


2-200 


1-454 


150 


2-166 


1-425 


200 


2-021 


1-819 



Note. — The span given in the first column is the effective span, i.e., between 
the centres of bearings. 
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TABLE XVm. 
Table of Weights of Miscellaneous Substances, 

LBS. PER FOOT CUBED. 



156 lbs. 
87 .. 



>» 



>> 



Ji 



»> 



>» 



>> 



>> 



11 



Asphalte . 
Bitumen solid . 
Brickwork pressed . 150 
;, ordinary 

common 125 
soft . . 100 
Bricks in mortar, best 

pressed . 140 
facing bricks . 130 
common stocks 

100 to 125 
Coal, ordinary loose . 66 
Concrete (Breeze) . 100 
ordinary 

112 to 125 
reinforced 
(includes 

steel) 144 
Cast iron . . . 450 
Earth, loose dry 72 to 80 
„ slightly 
rammed com- 
pact . 90 to 100 
Wet flowing mud . 110 
Gravel . . 70 to 80 

Masonry : — 

Granite or limestone well dressed 
scabbled rubble mortar 
average . 
dry rubble 
Sandstone rubble . 
Mud, dry close 
,, wet pressed 
,, fluid . 



>» 



If 



Lead . . . 712 lbs. 

Bocks, broken and 
piled, the bulk in- 
creasing from 1 to 
If. J being voids : 

r Granite gneiss 98 lbs. per ft. 

I Quartz . 

< Sandstone 

j Shale 

[ Limestone 

Shingle ballast . 

Sand, Thames . 
pit sharp . 
dry loose 
river . 
,, rammed . 100 to 120 
„ very fine . .117 

Steel rolled sections . 490 



96 
86 
93 
98 



»» 



>» 



11 



11 



88 lbs. 
102 



11 



11 



. 100 
50 to 70 



11 



>» 



»» 



» » 



Turf 

Gas tubing : 
I inch . 
1 inch . 
IJ inches 
l| inches 



20 to 30 



11 



1*17 foot run 
1-68 
2-46 
314 



»» 



»» 



11 



>» 



11 



11 



165 lbs. 
154 



160 

138 

140 

80 to 110 

110 to 130 

104 to 120 



>♦ 



11 



11 



11 



11 



11 



11 



TABLE XIX, 

Live Load on Floors. 

Bridge floors, crowd of people . 84 to 112 lbs. per foot sup. 

Floors of private dwellings, offices . 56 to 112 lbs. per foot. 

Public halls, churches, theatres 100 to 160 Ibb. per foot sup. 

Floors of stores, warehouses, etc. . 100 to 300 lbs. per foot sup, 

„ workshops . . . 200 to 400 lbs. per foot sup. 
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TABLE XXL 
De.vd Loads on Railway Bridge Floors. 

110 lbs. per foot cube. 



Ballast ....... 

Rails, fish plates, joints, etc., per foot run 

of single track 

Rails, fish plates, joints and guard rails, 

per foot run of single track 
Track on sleepers 2 feet apart (no ballast), 

with fish plates, chairs, etc. (100-lb. 

rails), per foot of single track 
Ditto with longitudinal sleepers per foot 

run of track 



100 lbs. per foot run. 
160 lbs. 

168 lbs. 
168 lbs. 



TABLE XXII. 
Maximum Dimensions to which Steel Plates are Rolled. 



Thickness. 


Length in 
feet. 


Width in 
inches. 


Area in 
feet. 


*" 


14 


48 


48 


3 ft 
T6 


20 


60 


80 


i" 


26 


72 


100 


tV 


32 


75 


150 


S" 


36 


81 


235 


7 '' 
1^ 


44 


81 


285 


I" 


44 


81 


235 


9 If 


44 


81 


235 


¥ 


44 


81 


235 


W 


44 


81 


285 


8" 


44 


81 


235 


ir 


44 


81 


220 


Iff 


44 


81 


200 


if 


44 


81 


185 


1" 


44 


81 


176 


1t^" 


44 


81 


165 


U" 


44 


81 


155 


li" 


44 


81 


138 


ll" 


44 


81 


125 


W 


44 


81 


115 



i" plates are rolled full to the gauge and about 6 lbs. to the square foot. 

Note. — The area given in the last column is the limiting figure : for instance, if 
a 1 J" plate is reciuired 44' long, it can only be 31" wide ; or if the plate must be 
4' wide, it can then only be 28' long. 



INDEX 



"a" 



Gordon's formula, 102, Table VII. 
Actual wheel loads, method of, 137, 

306 
Arches jack, general, 246 

„ „ example, 255 

„ „ thrust in, 246 
Area of flanges, 179, 186 
Area, equivalent, 58 

„ „ example, 80 

Asphalte on floors. 239, 244 
Axis, neutral, 45 



Ballast, on troughs, 204, 275 
„ plate floor, 228 

„ weight of, Tables XVII., 
XXI. 
Ballast board, 224, 236 
Ballasted track : advantages, 273 

„ „ general, 275 

Beams, general, 8 

cantilever, 9, 64, 69, 316 
supported, 14 — 21 
continuous, 21, 35—43, Table 

XII. 
„ Reactions due to. 

Table XII. 
fixed, 24—31 

„ graphic solution, 25 
half-fixed, 31 
fixed one end, 34 
„ subsidence of, 33 
Beams, I section, Chap. VII., Ex. 75 
Bearing stress, definition, 2 

„ strength of rivets, Table IX. 
Bearings of plate girders, 180, 181, 197, 
282 
„ braced, 282, 336 

Bending moment, definition, 8 

rules for, 9 

rolling loads, 124— 142 
from shear diagram, 66 
various cases, Table 
XI. 

Blows, due to live load, 168 
Board, ballast, 224, 236 
Board of Trade Regulations, 182, 264 
Boiler wagon, weight of, Table XX. 
Bracing, general, 301 

„ example, 333, 349 
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71 
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Braced girders, general, 298 

„ „ example, 319, 339, 341 

„ „ rules for stresses, 277 

Bridges, general types, 261 
Bridge loads. 165—177, 267, 274, 288, 
291, 306, Tables XIV., XV., XVI., 
XVII., XIX., XX., XXI. 
Buckled plates, 235, 247 

Cahbeb, 180, 198, 282, 359 
Cantilever bending moments, 9 — 14 

„ braced : rules for, 316 
Cast-iron, safe tresses. Tables I., III. 
Cast-iron pillar, example, 94 
Cleaning steel, 241, 372 
Clearance. Vide Boaid of Trade, 182, 264 
Clink of rivet, 108 
Closing line, 25 

Columns, 90—102, Tables IV., V. 
Combined bending and direct stress, 102 
Composite troughs, 200 

„ strut, example, 95 
Compression members. Vide Struts. 
„ flange, rivets in, 122 

„ bars : bracing, 353 

Concrete on floors, 203, 240, 276, 373 
Continuous beams, general, 21, 35 — 43, 

Table XII. 
reactions under, 35 — 
43, Table XII. 
braced girder, 317 
Contraflexure : points of, 22, 24, Table 

XI. 
„ graphically, 22, 
24 

Counterbracing, 313, 338 
Coverplatc joint, 109, 110, 119, 120, 191, 

193 
Creep, 274 
Cross girders, general, 211 

examples, 218, 225, 286, 

323 
ends of, 212, 232 
spacing of, 268 
Curved work, 368 
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Datum line, 25 

Dead load, 3, 165, Chap. XII., Tabic 
XXI. 

equivalent, 168 
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DefinitionRf 1 
Deflection, Table II. 

examples, 69—71, 83—85, 

168, 197, 297, 319, 330 
under various loading, Table 
XI. 
Depth general, 264, 304 

of plate girders, 179, 180, 181, 297 
braced girders, 340, 341 
Dimensions of plates, maximum, Table 

XXII. 
Distribution of load, Chap. XII. 

„ „ on troughs, 274 

cross girders, 288 
Double shear. 111 

Drainage of floors, 197, 225, 238, 276 
Drilling, 362 

Economical shape of beam, 56, 72 
Eflfective depth, 179, 180, 304 
„ span, 181 
,, section of struts, 91 
•• ,« ties, oo 

Elatiticitj, definition, 4 

„ modulus of, 5, Table I., III. 

Elephants, weight of, Tabic, XX. 
Ends of struts, 91 

„ girders, 196, 281, 296 
„ floors, 197, 238 
Engine loads, 267 

„ road, weight of. Table., XX. 
Equivalent area, definition, 58 

}, „ of trough example, 81 

Equivalent dead load, 168 

„ uniform load, 170, 291, 
Tables XVI., XVII. 
Euler's formula, 99 
Ktamplei. 

bending moment, beam supported, 
under miscellaneous load, 17, 19 
four - wheeled road 

engine, 128 
two rolling loads, 131, 

133, 134 
several rolling loads, 137 
continuous, under concentrated 
loads, 37 
Also in examples ot bridges, 
bridge, railway, 

plate girders, two inches span, 

32 ft. single line, 181 
transverse trough floor for 

above, 204 
plate girders, three girders, 
double line, and transverse 
trough floor, 207 
plate girders, two girders, 
double line, cross girders, 
and longitudinal trough fl(X)r, 
218 
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Examples — cont inued. 

bridge, railway — continued. 

floor for above of rail bears and 

flat plate, 226 
plate girders, three girders, 
double line, span 52 feet 
floor of cross girders, rail- 
bearers and flat plate, 285 
braced girders " N " type, 50 
feet span single line, floor of 
cross girders, railbearers and 
flat plate, 319 
braced girders, 75 feet span 
single line, floor of cross 
girders, and longitudinal 
troughing, ballasted, 341 
bridge, road, 

of longitudinal troughing with- 
out girders, 244 
floor of cross girders and jack 

arches, 246 
floor of cross girders and 

buckled plates, 247 
complete, two main plate 
girders and transverse 
troughing, 248 
complete, 18 feet roadway and 
two pathways, span 45 feet 
floor of cross girders and 
jack arches, 253 
bridge, passenger footbridge over- 
h^^, floor of cross girders and 
longitudinal troughing, 251 
deflection of rolled sted, I beam, 84 
deflection of rolled steel, British 

Standard beam, 85 
flange, lower, of a plate girder, 89 
inertia, moment of for a rolled 

section from first principles, 78 
joint, tension, between two plates, 
113 
„ with leading rivets, 117 
pillar, cast iron, 94 
resistance, moment of, 
in I section beam, 75 
in beam by finding moment of 

inertia, 75 
in beam by formula /a d, 76 
in beam of L section by finding 

moment of inertia, 77 
in beam of steel trough by 
means of equivalent areas, 
80 
shear in supported V^cam under two 

rolling loads, 149 
shear in supported beam under 

several rolling loads, 151, 154 
strap supporting I steel beam, 88 
strut plain T, 94 
double, 95 
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Example* — eontinued, 

strut of angle steels in braced 
girder, 97 
„^ of angle steels under com- 
bined bending and direct com- 
pressive stress, 103 
tie rod of roof, 88 

Factob of safety, 1, 54 
Fatigue, 3, 338 
Fixation, general, 31 

,, in braoe<l girders, 317 
Fixed beams, bending moment, 24 
,. ,, graphic solution, 25 
„ half fixed, 31 
M subsidence of, 33 
„ braced girders, 317 
Fixity of struts, 92 
Flange, of girder, general, 180 

„ plate jrirders, 179, 186, 293 

„ braced „ 331, 351 

Flauge area, 179, 186 

„ joints in, 191, 284, 335, 336, 357 
,, plates, 193 
„ stiffness of, 278 
Flexible road, 274 
Floors, general, 199, 203 
„ width of, 265 
„ ends of, 197, 238 
Floors railway, 199, 203 

transverse trough, 183, 200—211 
cross girder and troughs, 218, 341 
,1 M ), railbearers, 285, 319 
M ., timber deck, 236 

buckle plates, 235 

plate floor, 225, 285, 319 
Floors, road bridge, 199, 243 
transverse troughs, 243, 248 
longitudinal troughs, 263 
cross girders and troughs, 246 
•1 ,. „ jack arches, 246 

M buckle plates, 247 
?. M „ reinforced 
concrete, 248 
Floors, width of, 265 
„ position of, 266 
„ ballasted, 204, 273 
Floor loads : railway. Table XXI., 
„ „ road bridge, Tables XIX., 
XX., 
Footbridge, example, 251 
Friction in rivet joints, 123 

GiBDBBS, braced, 319,341, Chap. XVIil., 
et seq, 
cross. Vide Cross, 
ends, 196, 281, 296 
plate, 73, 178, 285 
„ weight of, 198, 297, 359, Table 

XIII. 






Gordon's formula, 102, Table VII. 
Grip of rivets, 108 
Guns, weight of, Table XX. 
Gyration, radius of, 100, Table VI. 



Half fixed beams, 31 
Handrails, 241 
Hand-riveting, 364 
Head of rivet, 369 
Headroom, 261, 266 
Height of floors, 210, 266 
Hogging curvature, 8 
Holes for rivets, 362 
Holes in tension bars, 87 

„ struts, 91 
Hookers Law, 6, 44 
Howe, truss, 301 



I SECTION beams. Chap. VII. 
Ideal columns, 98 
Impact, 168 
Inertia, moment of, 47, 78 

n )i of R. S. J., example, 52, 

67 

•» II of two plates. Tables 

VIII. 
Inflection points, 41 
Inspection, 368 
Iron, safe working stress, 2, 55, Tables 

I., in. 

Jack arches, 246, 255 

Joggle, 216 

Joints, riveted, 106, 211 

in plate girder flange, 191 

„ braced girder flange, 335, 357 

,. web plate, 192 

Joint railbearer ends, 216, 290, 325 
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K, Table VI. 

Lap joints, 108, 109 
Leading rivets, 116 
LiuTille truss, 300 
Line of mean fibre, 284 
Live load, 3, 124, 166 

., „ percentage, 167, Tables XIV., 
XV. 
„ railway bridges, 168, 170, 174, 
267, 274, 288, 291, .805, 
Tables XIV., XVL, XX., 
XXI. 
„ ,, road, 172, 173, 175, 274, Tables 
XV. 
Loads, general, 3, 165 

„ dead, 3, 165, Table XXI. 
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Loadg, live, 3, 124, 166, 172—177. See 
also under " Live load." 
,, braced giidera, 305, 320, 325, 341, 

346 
„ engine, 267 
„ equivalent, dead, 162 
„ uniform, equivalent, Tables 

XVI., XVII., 
„ railway. Table, XXI., aiid see 
under Live load, Railway 
Bridges. 
„ road, Tables, XIX-, XX., and see 

under Live load, Road. 
„ live, percentage, addition, 167, 

Tables XIV., XV. 
„ distribution of. Ft^€ distribution. 
Longitudinal troughing, 182, 200, 205, 

244, 263, 274, 276 
„ sleepers, 274 

Lorrie's weight of, Table XX. 



Machine riveting, 364 

Maximum Mb . See under '* Moment, 

bending." 
Maximum dimensions of plates, Table 

XXII. 
Mean fibre, 284 
Mill scale, 370 

Modulus of elasticity, 5, Tables, I., III. 
„ rupture, 6, 58, Tables, I., 

IIL 
„ section, 57 

McDonald's graphic solutions, 36 
„ for fixed beams, 24 

„ for continuous beams, 36 

Moment, bending, general, 8 

„ various cases, Table, 
XL 
roUiDg loads, 124, 131 
—142 
„ on braced girders, 306 

„ from shear diagram, 

66 
Moment of inertia, 47 — 54, 78 

„ of R. S. J., 52, 57 
„ of 2 plates. Table 
VIII. 
Moment of resistance, 44, 66, 75, 80, 262 



», n', deflection constants, Table II. 
n constant for strut formula, Table IV. 
JV Girders, 300 
Negative bending moment, 8 

„ shear, 62, 149, 157 
Neutral axis, 45 
„ layer, 45 
Notch in tension bars, 87 

„ railbearers, 216 
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ovbbbbidoes, 261 

Paint, 239, 369, 373 
Panel length, 298 
Parallel girders, 179, 264 
Parapet, 241 
Pathways, loads, 173 

„ example, 253 
Percentage addition, live load in. 
Railway bridge, 167, Table XIV. 
Road bridge, 249, Table XV. 
Floors, 176, 176 
People, weight of, 173, Table XIX. 

„ „ example, 251, 255 

Pillar, C. I. example, 94 
Pitch of rivets, 118, 190, 366 

„ troughing, 202 
Plate floor, 225, 234, 286, 337 
girders, general, 73, 178 

„ example, 181, 207, 266, 290 
,, weiprht of, 198, 297, Table 
XI IL 
Plates, maximum dimensions of, 

Table XXII. 
Pneumatic riveting, 364 
Points of contraflexure, 22, 24, Table XI. 
Positive bending moment, 10 

„ shear, 146 
Pratt truss, 800 
Proof stress, 2 
Protection from rust, 369 
Punching, 362 

Radius of gyration, 10<i, Table VI. 
Railbearers, general, 216 

„ example, 226, 285, 320 

Rails, weight of, Table XXI. 
Railway bridge loads, 

perccotage addition, 

167, Table XIV. 
floor loads, 175, 176 
Reaction at supports, continuous beams, 

35, Table XII. 
Recesses, 241 
Re-entrant angles, 367 
Regulations, Board of Trade, 264 
Resistance to shear, 68 

moment of, 44, 56, 75 — 77, 

80, 262 
ultimate, of various materials. 
Table III. 
Reversal of stress, 1, 161, 313, 337 
Rigid road, 274 
Rivets, general, 106, 361 

,. arrangement of joints, 114 
at girder ends, 190 
examples, 111, 188 
holes, deduction for in struts, 87 
„ „ flanges, 

115 . 
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Biyets, joints, friction in, 123 
pitch of, 118, 192, 366 
standard sizes, 107 
strength of. Table IX. 
stresses, 108 
„ testing, 369 
Riveting, 363, 367 

Boad bridge loads, 165, 172-175, 243, 

274, Tables XIX., 
XX. 
percentage addition. 

Table XV. 
example, 248, 251, 
253 
engines, weight of. Table XX. 
Road, rigid, 274 

Roller, road, weight of, Table XX. 
Rolling loads, 124 

„ „ bending moment of, 124 
„ „ shear, 143 
Round ends of struts, 91 

„ „ girders, 281 

Rupture, modulus of, 6, 58 
Rust, protection, 369 



Safe working stress, 2, 55, 277, Tables 

I., III. 
Safety, factor of, 1, 54 
Sagging curvature, 8 
Sand blast, 372 
Scale, mill, 370 
Scraping, 371, 372 
Shank of rivet, 108 
Shear, general, 1, 60 

graphic representation, 64, 65 
due to rolling loads, 143—162 
negative, 63, 149, 157 
due to uniform rolling load, 162 
diagram for braced girder, 302 
at supports of continuous beams, 
Table XII. 
Shear resistance, 68 

„ strength of riveU, 108, Table IX. 
„ single, 108 
Shearing stress, 1, 60 
Sign of shear, 62 
Skew, 269 

Sleepers, transverse, 204, 275 
„ longitudinal, 204, 275 
„ weight of, Table XXL 
Smith's work, 361, 367 
Spacing of cross girders, 212, 218, 268 

„ stiffeners, 195, 224, 233, 279 
Span, effective, 181 
Square ends of girders, 281 
Standard angles, tees, 180 

„ rivet sizes, 107 
Steam roller, weight of, Table XX. 
Steel, safe stresses, 55, Tables I., III. 
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Stiffness, definition, 6 
Stiffness of flange, 278 
Stiffeners to cross girders, 224, 233, 257 

,, general, 194, 213, 279 
Strain, 1 
Stress, 1 

bearing, 2, 112 

change of at panel points, 302 
Stress compressive, 1, 90 
proof, 2 

reversal of, 1, 149, 161, 313, 337 
safe working, 2, 55, 167, 277, 

Table I. 
ultimate. Table III. 
tensile, 1, 86 
Struts, general formula, 'Tables IV., V. 
general, 86 

Gordon's formula. Table VI 
ends of, 91 
fixity of, 92, 319 
composite, 97 
in bracing, 319, 352 
Tee steels, safe loads. Table X. 
Subsidence of supports^ 33 
Supported beam, bending moment, 13 
Sunkwork, 367 
Supension plate, 214 



Tail of rivets, 108 
Tee, strut, example, 94 
„ safe loads on. Table X. 
Templates, 360 
Tension bars, 86 
Tensile stress, 1, 86 
Testing rivets, 369 
Three-girder bridge, 266, 291 
„ „ floor, 207 

Through bridge, 261 
Thrust in jack arches, 246 
Tie bars for jack arohes, 246 

„ strength of, 86 
Timber deck floor, 236 

„ ultimate resistance of. Table, III. 
Track, flexible and rigid, 274 
„ unballasted, 274 
„ general, 204 
„ weight of, Table XXI. 
Tractors weight of, Table XX. 
Trailers, „ „ XX. 

Tramcars „ „ XX 

Transmission of loads, 268, 305 
Transverse trough. Vide troughing, 
Troughing, general, 200, 273 

load distribution, 202, 274 
moment of resistance of, 80 
equivalent area of, 80 
transverse, 200, 204, 273 
„ floor, example, 204 
„ longitudinal, 211, 244, 276 
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Troughing, longitudinal, floor, example, 

218, 341 
Types of bridges, 261 



Ultimate stress, 2, Table III. 

Underbridges, 261 

Uniform equivalent load, 170, Tables 

XVI.. XVII. 
„ „ load, method of, 

267, 288 



Vehicles, weight of. Table XX. 
Vibration, 167, 169 



Wagons, weight of, Table XX. 
Warren girder, 300 



Web of girders, general, 179 
„ design of, 181, 286 
„ joints in, 192, 280, 284 
Weight of ballast, Table XXI. 
engines, „ XX. 
girders, plate, 198, 297, Table 

XIII. 
miscellaneous materials, 

Table XVIII. 
people. Table XIX. 
road tractors. Table XX. 
track, „ XXI, 

trams, „ XX. 

Wheel loads, method of, 187, 306 
Whipple-Murphy truss, 300 
Width of bridge floor, 181, 206, 265 
Wrought iron, safe tresses, Table I. 
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Poisons: Their Effects and Detection 8vo, 7 5c 

Bockmann, F. Celluloid lamo, *2 50 

Bodmer, 6. R. Hydraulic Motors and Turbines lamo, 5 00 

Boileau, J. T. Traverse Tables Svo, 5 00 

Bonney, G. E. The Electro-platers' Handbook i2mo, 1 20 

Booth, N. Guide to the Ring-spinning Frame lamo, *z 35 

Booth, W. H. Water Softening and Treatment Svo, *2 50 

Superheaters and Superheating and Their Control Svo, *i 50 

Bottcher, A. Cranes: Their Construction, Mechanical Equipment and 

Working. Trans, by A. Tolhausen 4to, *io 00 

Bottler, M. Modem Bleaching Agents. Trans, by C. Salter lamo, *2 50 

Bottone, S. R. Magnetos for Automobilists i2mo, *i 00 

Boulton, S. B. Preservation of Timber. (Science Series No. S2.) . i6mo, o 50 

Bourgougnon, A. Physical Problems. (Science Series No. 113.).. i6mo, 050 
Bourry, E. Treatise on Ceramic Industries. Trans, by J. J. Sudborough. 

Svo, ♦$ 00 

Bow, R. H. A Treatise on Bracing Svo, i 50 

Bowie, A. J., Jr. A Practical Treatise on Hydraulic Mining Svo, 5 00 

Bowker, W. R. Dynamo, Motor and Switchboard Circuits Svo, *2 50 

Bowles, O. Tables of Common Rocks. (Science Series No. 125.). . i6mo, o 50 

Bowser, E. A. Elementary Treatise on Analytic Geometry i2mo, i 75 

Elementary Treatise on the Differential and Integral Calculus. i2mo, 2 25 

Elementary Treatise on Analytic Mechanics i2mo, 3 00 

Elementary Treatise on Hydro-mechanics i2mo, 2 50 

A Treatise on Roofs and Bridges i2mo, ^2 25 

Boycott, G. W. M. Compressed Air Work and Diving Svo, *4 00 

Bragg, E. M. Marine Engine Design. i2mo, '''2 00 

Brainard, F. R. The Sextant. (Science Series No. 10 x.) z6mo, 

Brassey's Naval Annual for 191Z Svo, *6 00 

Brew, W. Three-Phase Transmission Svo, *2 00 

Brewer, R« W. A. Motor Car Construction zamo, 

SfteSy Rm <^d Wolff, A. R. Steam-Heating. (Science Series No. 

67.) z6mo, o 50 

Bright, C. The Life Story of Sir Charles Tilson Bright Svo, *4 50 

Brislee, T. J. Introduction to the Study of FueL (Outlines of Indus- 
trial Chemistry) Svo, *3 00 

British Standard Sections Szz5 *x 00 

Complete list of this series (45 parts) sent on application. 
Broadfoot, S. K. Motors, Secondary Batteries. (Installation Manuals 

Series) zamo, *o 75 

Broughton, H. H. Electric Cranes and Hoists *9 00 

Brown, G. Healthy Foundations. (Science Series No. So.) x6mo, o 50 

Brown, H. Irrigation Svo, *5 00 

Brown, Wm. N. The Art of Enamelling on Metal zamo, *z 00 

Handbook on Japanning and Enamelling zamo, *z 50 

House Decorating and Painting zamo, *i 50 

History of Decorative Art z2mo, ♦z 25 

Dipping, Burnishing, Lacquering and Bronzing Brass Ware. . . zamo, *z 00 
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Brown, Wm. N. Workshop Wrinkles 8vo, ^x oo 

Browne, R. £. Water Meters. (Science Series No. 8i.) x6mo, o 50 

Bruce, £. M. Pure Food Tests i2mo, *z 35 

Bnihns, Dr. New Manual of Logarithms 8vo, half morocco, 2 00 

Brunner, R. Manufacture of Lubricants, Shoe Polishes and Leather 

Dressings. Trans, by C. Salter 8to, *3 00 

Bnel, R. H. Safety Valves. (Science Series No. ai.) i6mo, o 50 

Bulman, H. F., and Redmayne, R. S. A. Colliery Working and Manage- 
ment 8vo, 6 00 

Burgh, N. P. Modern Marine Engineering 4to, half morocco, zo 00 

Burstall, ¥JW. Energy Diagram for Gas. With Text 8yo, z 50 

^Diagram. Sold separately ♦z 00 

Burt, W. A. Key to the Solar Compass z6mo, leather, a 50 

Burton, F. G. Engineering Estimates and Cost Accounts zamo, *z 50 

Buskett, E. W. Fire Assaying zamo, *z as 

Byers, H. G., and Ejiight, H. G. Notes on Qualitati7e Analysis 8vo, *z 50 

Cain, W. Brief Course in the Calculus zamo, *z 75 

Elastic Arches. (Science Series No. 48.) z6mo, o 50 

Maximum Stresses. (Science Series No. 38.) z6mo, o 50 

Practical Designing Retaining of Walls, (Science Series No. 3.) 

z6mo, o 50 
Theory of Steel-concrete Arches and of Vaulted Structures. 

(Science Series No. 4a.) z6mo, o 50 

Theory of Voussoir Arches. (Science Series No. za.) z6mo, o 50 

Symbolic Algebra. (Science Series No. 73.) z6mo, o 50 

Campin, F. The Construction of Iron Roofs 8vo, a 00 

Carpenter, F. D. Geographical Surveying. (Science Series No. 37.) . z6mo. 

Carpenter, R. C, and Diederichs, H. Internal Combustion Engines. 8vo, *5 00 

Carter, E. T. Motive Power and Gearing for Electrical Machinery . . 8vo, *5 00 

Carter, H. A. Ramie (Rhea), China Grass zamo, *3 00 

Carter, H. R. Modern Flax, Hemp, and Jute Spinning 8vo, *3 00 

Cathcart, W. L. Machine Design. Part I. Fastenings 8vo, *3 00 

Cathcart, W. L., and Chaffee, J. I. Elements of Graphic Statics 8vo, *3 00 

Short Course in Graphics zamo, . z 50 

Caven, R. M., and Lander, G. D. Systematic Inorganic Chemistry. lamo, *2 00 

Chalkley, A. P. Diesel Engines 8vo, *3 00 

Chambers' Mathematical Tables 8vo, z 75 

Charnock, G. F. Workshop Practice. (Westminster Series.). . . .8vo (In Press.) 

Charpentier, P. Timber 8vo, *6 00 

Chatley, H. Principles and Designs of Aeroplanes. (Science Series.) 

No. za6.) z6mo, o 50 

How to Use Water Power zamo, *z 00 

Child, C. D. Electric Arc 8vo, *{In Press.) 

Child, C. T. The How and Why of Electricity zamo, z 00 

Christie, W. W. Boiler-waters, Scale, Corrosion, Foaming 8vo, *3 00 

Chimney Design and Theory 8vo, *3 00 

Furnace Draft (Science Series No. Z23.) z6mo, o 50 

Water: Its Purification for Use in the Industries 8vo, (In Press,) 

Church's Laboratory Guide. Rewritten by Edward Kinch 8vo, *a 50 

Clapperton, G. Practical Papermaking 8vo, 2 50 
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CUrk, A. G. Motor Car Engineering. 

VoL L Construction *3 

Vol. n. Design (In Press,) 

Clark, C. H. Marine Gas Engines Z2mo, *i 50 

Clark, D. K. Rules, Tables and Data for Mechanical Engineers 8vo, 5 oo 

Fuel: Its Combustion and Economy i2mo, i 50 

The Mechanical Engineer's Pocketbook. i6mo, 2 oo 

Tramways: Their Construction and Working 8vo, 5 



Clark, J. M. New System of Laying Out RaUway Turnouts lamo, i oo 

Clausen-Thue, W. ABC Telegraphic Code. Fourth Edition i2mo, *5 00 

Fifth Edition 8vo, *7 00 

The A I Telegraphic Code Svo, +7 50 

Cleemann, T. M. The Railroad Engineer's Practice i2mo, *z 50 

Clerk, D., and Idell, F. E. Theory of the Gas Engine. (Science Series 

Wo. 62.) z6mo, o 50 

Clevenger, S. R. Treatise on the Method of Goycmment Surveying. 

i6mo, morocco 2 ^50 

Clouth, F. Rubber, Gutta-Percha, and Balata Svo, *5^oo 

Cochran, J. Treatise on Cement Spedflcations Svo, (In PrsM.)- • 'j 

Coffin, J. U. C. Navigation and Nautical Astronomy i2mo, *3 50 

Colbum, Z., and Thurston, R. H. Steam Boiler Explosions. (Science 

Series No. 2.) i6mo, o 50 

Cole, R. S. TreatiBe on Photographic Optics zamo, z 50 

Coles-Finch, W. Water, Its Origin and Use Svo, *5 00 

Collins, J. E. Useful Alloys and Memoranda for Goldsmiths, Jewelers. 

z6mo o $0 

Constantine, E. Marine Engineers, Their Qualifications and Duties. Svo, *2 00 

Coombs, H. A. Gear Teeth. (Science Series No. Z20.) z6mo, o 50 

Cooper, W. R. Primary Batteries Svo, *4 00 

" The Electrician " Primers. . . * Svo, *5 00 

Part I *z 50 

Part II *2 50 

Part ni *2 00 

Copperthwaite, W. C. Tunnel Shields 4to, *9 00 

Corey, H. T. Water Supply Engineering Svo (In Press.) 

Corfield, W. H. Dwelling Houses. (Science Series No. 50.) z6mo, o 50 

Water and Water-Supply. (Science Series No. Z7.) z6mo, o 50 

Cornwall, H. B. Manual of Blow-pipe Analysis Svo, *2 50 

Courtney, C. F. Masonry Dams Svo, 3 50 

Cowell, W. B. Pure Aur, Ozone, and Water z2mo, *2 00 

Craig, T. Motion of a Solid in a FueL (Science Series No. 49.) t6mo, o 50 

Wave and Vortex Motion. (Science Series No. 43.) z6mo, o 50 

Cramp, W. Contiauous Current Machine Design Svo, *2 50 

Crocker, F. B. Electric Lighting. Two Volumes. Svo. 

VoL I. The Generating Plant 3 00 

Vol. n. Distributing Systems and Lamps 3 00 

Crocker, F. B., and Arendt; M. Electric Motors Svo, *2 50 

Crocker, F. B., and Wheeler, S. S. The Management of Electrical Ma- 
chinery z2mo, ♦z 00 

Cross, C. F., Bevan, E. J., and Sindall, R. W. Wood Pulp and Its Applica- 
tions. (Westminster Series.) Svo, *3 00 
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Crosskey, L. R. Elementary Perspective. Svo, x oo 

Crosskey, L. R., and Thaw, J. Advanced Perspective 8vo, i 50 

Galley, J. L. Theory of Arches. (Science Series No. 87.) i6mo, o 50 

Davenport, C. The Book. (Westminster Series.) 8vo, *a 00 

Davies, D. C. Metalliferous Minerals and Mining 8vo, 5 00 

Earthy Minerals and Mining 8vo, 5 00 

Davies, E. H. Machinery for Metalliferous Mines 8vo, 8 00 

Davies, F. H. Electric Power and Traction. 8vo, *a 00 

Dawson, P. Electric Traction on Railways 8vo, *9 00 

Day, C. The Indicator and Its Diagrams zamo, *2 00 

Deerr, N. Sugar and the Sugar Cane 8vo, *8 00 

Deite, C. Manual of Soapmaking. Trans, by S. T. King 4to, *5 00 

De la Cottx, H. The Industrial Uses of Water. Trans, by A. Morris. 

8vo, *4 50 

Del Mar, W. A. Electric Power Conductors 8vo, *2 00 

Denny, 6. A. Deep-level Mines of the Rand 4to, *io .00 

Diamond Drilling for Gold *5 00 

De Roos, J. D. C. Linkages. (Science Series No. 47.) i6mo, o 50 

Derr, W. L. Block Signal Operation Oblong zamo, *i 50 

Maintenance-of-Way Engineering (In Preparation.) 

Desaint, A. Three Hundred Shades and How to Mix Them 8vo, *io 00 

De Varona, A Sewer Gases. (Science Series No. 55.) i6mo, o 50 

Devey, R. G. Mill and Factory Wiring. (Installation Manna Is Series.) 

lamo, *i 00 

Dibdin, W. J. Public Lighting by Gas and Electricity 8vo, *8 00 

Purification of Sewage and Water 8vo, 6 50 

Dichmann, Carl. Basic Open-Hearth Steel Process lamo, *$ 50 

Dieterich, K. Analysis of Resins, Balsams, and Gum Resins 8vo, *3 00 

Dinger, Lieut. H. C. Care and Operation of Naval Machinery lamo, *2 00 

Dizon, D. B. Machinist's and Steam Engineer's Practical Calculator. 

i6mo, morocco, i 25 
Doble, W. A. Power Plant Construction on the Pacific Coast (In Press,) 
Dodd, G. Dictionary of Manufactures, Mining, Machinery, and the 

Industrial Arts zamo, z 50 

Dwr, B. F. The Surveyor's Guide and Pocket Table-book. 

i6mo, morocco, 2 00 

Down, P. B. Handy Copper Wire Table x6mo, *z 00 

Draper, C. H. Elementary Text-book of Light, Heat and Sound. . . x2mo, z 00 

Heat and the Principles of Thermo-dynamics zamo, z 50 

Duckwall, E. W. Canning and Preserving of Food Products 8vo, *5 00 

Dumesny, P., and Noyer, J. Wood Products, Distillates, and Extracts. 

8vo, *4 50 
Duncan, W. G., and Penman, D. The Electrical Equipment of Collieries. 

8vo, ^4 00 
Dunstauy^^A. E., and Thole, F. B. T. Textbook of Practical Chemistry. 

zamo, *z 40 

Duthie, A. L. Decorative Glass Processes. (Westminster Series.) . . 8vo, *a 00 

Dwight, H. B. Transmission Line Formulas 8vo, (In Press.) 

Dyson, S. S. Practical Testing of Raw Materials 8vo, *5 00 

Dyson, S. S., and Clarkson, S. S. Chemical Works 8vo, *7 50 
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Eccles, R. G.y and Duckwall, £. W. Food Preservatives 8vo, paper o 50 

Eddy, H. T. Researches in Graphical Statics 8vo, i 50 

Maximum Stresses under Concentrated Loads. Svo, i 50 

Edgcumbe, K. Industrial Electrical Measuring Instruments 8vo, *2 50 

Eissler, M. The Metallurgy of Gold Svo 7 50 

The Hydrometallurgy of Copper Svo, *4 50 

The Metallurgy of Silver Svo, 4 00 

The Metallurgy of Argentiferous Lead Svo, 5 00 

Cyanide Process for the Extraction of Gold Svo, 3 00 

A Handbook on Modern Explosives Svo, 5 00 

Ekin, T. C. Water Pipe and Sewage Discharge Diagrams folio, *3 00 

Eliot, C. W., and Storer, F. H. Compendious Manual of Qualitative 

Chemical Analysis i2mo, *i 25 

EUiot, Major G. H. European Light-house Systems Svo, 5 00 

Ennis, Wm. D. Linseed Oil and Other Seed Oils Svo, *4 00 

Applied Thermodynamics Svo *4 50 

Flying Machines To-day Z2mo, *i 50 

Vapors for Heat Engines lamo, *i 00 

Erfurt, J. Dyeing of Paper Pulp. Trans, by J. Hubner Svo, *^ 50 

Erskine-Murray, J. A Handbook of Wireless Telegraphy Svo, *3 50 

Evans, C. A. Macadamized Roads {In Press.) 

Ewing, A. J. Magnetic Induction in Iron Svo, *4 00 

Fairie, J. Notes on Lead Ores i2mo, *i 00 

Notes on Pottery Clays i2mo, *i 50 

Fairley, W., and Andre, Geo. J. Ventilation of Coal Mines. (Science 

Series Wo. 5S.) i6mo, o 50 

Fairweather, W. C. Foreign and Colonial Patent Laws Svo, *3 00 

Fanning, J. T. Hydraulic and Water-supply Engineering Svo, *5 00 

Fauth, P. The Moon in Modern Astronomy. Trans, by J. McCabe. 

Svo, *2 00 

Fay, I. W. The Coal-tar Colors Svo, *4 00 

Fernbach, R. L. Glue and Gelatine Svo, *3 00 

Chemical Aspects of Silk Manufacture lamo, *i 00 

Fischer, E. The Preparation of Organic Compounds. Trans, by R. V. 

Stanford i2mo, *! 25 

Fish, J. C. L. Lettering of Working Drawings Oblong Svo, i 00 

Fisher, H. K. C, and Darby, W. C. Submarine Cable Testing Svo, ^3 50 

Fiske, Lieut. B. A. Electricity in Theory and Practice Svo, 2 50 

Fleischmann, W. The Book of the Dairy. Trans, by C. M. Aikman. Svo, 4 00 
Fleming, J. A. The Alternate-current Transformer. Two Volumes. Svo. 

Vol. I. The Induction of Electric Currents. *5 00 

Vol. n. The Utilization of Induced Currents *5 00 

Propagation of Electric Currents Svo, *3 00 

Centenary of the Electrical Current Svo, *o 50 

Electric Lamps and Electric Lighting Svo, '^'3 00 

Electrical Laboratory Rotes and Forms 4to, *5 00 

A Handbook for the Electrical Laboratory and Testing Room. Two 

Volumes Svo, each, *5 00 

Fluery, H. The Calculus Without Limits or Infinitesimals. Trans, by 
C. O. Mailloux (In Press.) 
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«iyxm, P. J. Flow of Water. (Science Series No. 84.) i6mOy o 50 

Hydraulic Tables. (Science Series No. 66.) i6m0y o 50 

Foley, N. British and American Customary and Metric Measures, .folio, *3 00 
Foster, H. A. Electrical Engineers' Poclcet-book. (Sixth EdUum.) 

i2mo, leather, 5 00 

Engineering Valuation of Public Utilities and Factories 8to, *3 00 

Foster, Gen. J. G. Submarine Blasting in Boston (Mass.) Harbor. . . . 4to, 3 50 

Fowle, F. F. Overhead Transmission Line Crossings lamo, *i 50 

The Solution of Alternating Current Problems 8vo {In Press,) 

Fox, W. 0. Transition Curves. (Science Series No. no.) i6mo, o 50 

Fox, W., and Thomas, C. W. Practical Course in Mechanical Draw- 
ing z2mo, 1 25 

Foye, J. C. Chemical Problems. (Science Series No. 69.) z6mo, o 50 

Handbook of Mineralogy. (Science Series No. 86.) i6mo, o 50 

Francis, J. B. Lowell Hydraulic Experiments 4to, 15 00 

Freudemacher, P. W. Electrical Mining Installations. (Installation 

Manuals Series ) z2mo, *i 00 

Irithi J. Alternating Current Design 8vo, *2 00 

Iritsch, J. Manufacture of Chemical Manures. Trans, by D. Grant. 

8vo, *4 00 

Fiye, A. I. Civil Engineers' Pocket-book zimo, leather, 

FuUer, G. W. Investigations into the Purification of the Ohio River. 

4to. *zo 00 

FnrneU, J. Paints, Colors, Oils, and Varnishes 8vo, *z 00 

Goirdner, J. W. I. Earthwork 8vo, (In Press.) 

Gant, L. W. Elements of Electric Traction 8vo, *2 50 

Garforth, W. E. Rules for Recovering Coal Mines after Explosions and 

Fires i2mo, leather, z 50 

Gaudord, J. Foundations. (Science Series No. 34.) z6mo, o 50 

Gear, H. B., and Williams, P. F. Electric Central Station Distribution 

Systems 8vo, ^3 00 

Geerligs, H. C. P. Cane Sugar and Its Manufacture 8vo, *5 00 

Geikie, J. Structural and Field Geology 8vo, *4 00 

Gerber,N. Analysis of Milk, Condensed Milk, and Infants' Milk-Food. 8vo, z 25 
Gerhard, W. P. Sanitation, Watersupply and Sewage Disposal of Country 

Houses z2mo, *2 00 

Gas Lighting. (Science Series No. zzz.) z6mo, o 50 

Household Wastes. (Science Series No. 97.) z6mo, o 50 

House Drainage. (Science Series No. 63.) z6mo, o 50 

Sanitary Drainage of Buildings. (Science Series No. 93.) z6mo, o 50 

Gerhordi, C. W. H. Electricity Meters 8vo, *4 00 

Geschwind, L. Manufacture of Alum and Sulphates. Trans, by C. 

Salter 8vo, *$ 00 

Gibbs, W. E. Lighting by Acetylene z2mo, *z 50 

Physics of Solids and Fluids. (Carnegie Technical School's Text- 
books.) ♦z 50 

Gibson, A. H. Hydraulics and Its Application 8vo, *5 00 

Water Hammer in Hydraulic Pipe Lines Z2mo, *2 00 

Gilbreth, F. B. Motion Study Z2mo, *2 00 

Primer of Scientific Management z2mo, *z 00 
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Gillmore, G«n. Q. A Limes, Hydraulic Cements acd M ortsrs 8to, 

Roads, Streets, and Pavements zamo, 

Golding, H. A. The Theta-Phi Diagram zamo, 

Goldschmidt, R. Alternating Current Commutator Motor 8to, 

Goodchild, W. Precious Stones. (Westminster Series.) 8to, 

Goodeve, T. M. Textbook on the Steam-engine zamo, 

Gore, G. Electrolytic Separation of Metals 8vo, 

Gould, £. S. Arithmetic of the Steam-engine zamo, 

Calculus. (Science Series No. zza.) i6mo, 

— High Masonry Dams. (Science Series No. aa.) z6mo, 

*— Practical Hydrostatics and Hydrostatic Formulas. (Science Series 

No. 117.) z6mo, o 50 

Grant, J. Brewing and Distilling. (Westminster Series.) 8vo (In Press,) 

Gratacap, L. P. A Popular Guide to Minerals 8vo (In Press,) 

Gray, J. Electrical Influence Machines lamo, a 00 

Marine Boiler Design zamo, {In Press,) 

Greenhill, G. Dynamics of Mechanical Flight 8vo, {In Press.) 

Greenwood, E. Classified Guide to Technical and Commercial Books. 8to, *3 00 

Gregorius, R. Mineral Waxes. Trans, by C. Salter zamo, *3 00 

Grifiiths, A. B. A Treatise on Manures zamo, 3 00 

Dental Metallurgy 8vo, *3 50 

Gross, E. Hops 8vo, *4 50 

Grossman, J. Ammonia and Its Compounds zamo, *z as 

Groth, L. A. Welding and Cutting Metals by Gases or Electricity 8vo, *3 00 

Grover, F. Modem Gas and Oil Engines 8to, *2 00 

Gruner, A. Power-loom Weaving 8vo, *3 00 

Giildner, Hugo. Internal Combustion Engines. Trans, by H. Diederichs. 

4to, 'I' 10 00 

Gunther, C. O. Integration zamo, '^'z as 

Gurden, R. L. Traverse Tables folio, half morocco, *7 so 

Guy, A. E. Experiments on the Flexure of Beams. 8vo, *z as 

Haeder, H. Handbook on the Steam-engine. Trans, by H. H. P. 

Powles zamo, 3 00 

Hainbach, R. Pottery Decoration. Trans, by C. Slater zamo, '^'3 00 

Haenig, A. Emery and Emery Industry 8vo, (In Press.) 

Hale, W. J. Calculations of General Chemistry zamo, 

Hall, C. H. Chemistry of Paints and Paint Vehicles zamo. 

Hall, R. H. Governors and Governing Mechanism zamo. 

Hall, W. S. Elements of the Dififerential and Integral Calculus 8vo, 

Descriptive Geometry 8vo volume and a 4to atlas, 

Haller, G. F., and Cunningham, E. T. The Tesla Coil zamo, 

Halsey, F. A. Slide Valve Gears zamo, 

The Use of the Slide Rule. (Science Series No. ZZ4.) z6mo, 

Worm and Spiral Gearing. (Science Series No. zz6.) z6mo, 

Hamilton, W. G. Useful Information for Railway Men z6mo. 

Hammer, W. J. Radium and Other Radio-active Substances 8vo, 

Hancock, H. Textbook of Mechanics and Hydrostatics 8vo, 

Hardy, E. Elementary Principles of Graphic Statics zamo, 

Harrison, W. B. The Mechanics' Tool-book zamo. 

Hart, J. W. External Plumbing Work 8vo, 
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Hart, J. W. Hints to Plomben on Joint Wiping 8to, 

Principles of Hot Water Supply 8yo, 

Sanitary Plumbing and Drainage 8to, 

Haskins, C. H. The Galvanometer and Its Uses z6mo, 

Hatt, J. A. H. The Colorist square i2mo, 

Hausbrand, £. Drying by Means of Air and Steam. Trans, by A. C. 

Wright zamo, 

Evaporating, Condensing and Cooling Apparatus. Trans, by A. C. 

Wright 8vo, *s 00 

Hausner, A. Manufacture of Preserved Foods and Sweetmeats. Trans. 

by A. Morris and H. Robson 8vo, 

Hawke, W. H. Premier Cipher Telegraphic Code 4to, 

zoOyOoo Words Supplement to the Premier Code 4to, 

Hawkesworth, J. Graphical Handbook for Reinforced Concrete Design. 

4to, 

Hay, A. Alternating Currents 8vo, 

Electrical Distributing Networks and Distributing Lines 8vo, 

Continuous Current Engineering 8vo, 

Heap, Major D. P. Electrical Appliances 8vo, 

Heaviside, O. Electromagnetic Theory. Two Volumes 8vo, each. 

Heck, R. C. H. The Steam Engine and Turbine 8to, 

Steam-Engine and Other Steam Motors. Two Volumes. 

Vol. I. Thermodynamics and the Mechanics 8vo, 

VoL n. Form, Construction, and Working 8vo, 

Notes on Elementary Kinematics 8to, boards, 

Graphics of Machine Forces 8vo, boards. 

Hedges, K. Modern Lightning Conductors 8vo, 

Heermann, P. Dyers' Materials. Trans, by A. C. Wright z2mo, 

Hellot, Macquer and D'Apligny. Art of Dyeing Wool, Silk and Cotton. 

8vo, 

Henrici, O. Skeleton Structures. Svo, 

Hering, D. W. Essentials of Physics for College Students Svo, 

Hering-Shaw, A. Domestic Sanitation and Plumbing. Two Vols. . . Svo, 

Elementary Science Svo, 

Herrmann, G. The Graphical Statics of Mechanism. Trans, by A. P. 

Smith z2mo, 

Herzfeld, J. Testing of Yarns and Textile Fabrics Svo, 

Hildebrandt, A. Airships, Past and Present Svo, 

Hildenbrand, B. W. Cable-Making. (Science Series No. 32.) z6mo, 

Hilditch, T. P. A Concise History of Chemistry z2mo. 

Hill, J. W. The Purification of Public Water Supplies. New Edition. 

(In Press.) 

Interpretation of Water Analysis (In Press.) 

Hiroi, I. Plate Girder Construction. (Science Series No. 95.) z6mo, 

Statically-Indeterminate Stresses z2mo, 

Hurshfeld, C. F. Engineering Thermodynamics. (Science Series No. 45.) 

z6mo, 
Hobart, H. M. Heavy Electrical Engineering Svo, 

Design of Static Transformers zimo, 

Electricity Svo, 

Electric Trains Svo, 
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Hobart, H. M. Electric Propulsion of Ships 8vo, 

Hobsrty J. F. Hard Soldering, Soft Soldering and Brazing. Z2mo» 

{In Press.) 

Hobbs, W. R. P. The Arithmetic of Electrical Measurements i2mo, 

HofF, J. N. Paint and Varnish Facts and Formulas z2mo, 

Hofif, Com. W. B. The Avoidance of Collisions at Sea. . . z6mo, morocco, 

Hole, W. The Distribution of Gas 8vo, 

Holley, A. L. Railway Practice folio. 

Holmes, A. B. The Electric Light Popularly Explained .... z2mo, paper, 

Hopkins, N. M . Experimental Electrochemistry 8vo, 

Model Engines and Small Boats i2mo, 

Hopkinson, J. Shoolbred, J. N., and Day, R. E. Dynamic Electricity. 

(Science Series No. 7z.) z6mo. 

Homer, J. Engineers* Turning 8vo, 

Metal Turning Z2mo, 

Toothed Gearing z2mo, 

Houghton, C. E. The Elements of Mechanics of Materials z2mo, 

HouUevigue, L. The Evolution of the Sciences 8vo, 

Howe, G. Ifathematics for the Practical Man Z2mo, 

Howorth, J. Repairing and Riveting Glass, China and Earthenware. 

8vo, paper, 

Hubbard, E. The Utilization of Wood- waste 8vo, 

Hiibner, J. Bleaching and Dyeing of Vegetable and Fibrous Materials 

(Outlines of Industrial Chemistry) 8vo, (/n Press.) 

Hudson, O. F. Iron and Steel. (Outlines of Industrial Chemistry.) 

8vo, (In Press,) 
Humper, W. Calculation of Strains in Girders z2mo, 

Humphreys, A. C. The Business Features of Engineering Practice. 8vo, 

Hunter, A. Bridge Work 8vo, (In Press.) 

Hurst, G. H. Handbook of the Theory of Color 8vo, 

Dictionary of Chemicals and Raw Products 8vo, 

Lubricating Oils, Fats and Greases 8vo, 

Soaps 8vo, 

Textile Soaps and Oils 8vo, 

Hurst, H. E., and Lattey, R. T. Text-book of Physics 8vo, 

Hutchinson, R. W., Jr. Long Distance Electric Power Transmission. 

z2mo, 
Hutchinson, R. W., Jr., and Ihlseng, M. C. Electricity in Mining. . z2mo, 

(In Press) 
Hutchinson, W. B. Patents and How to Make Money Out of Them. i2mo, 

Hutton, W. S. Steam-boiler Construction 8vo, 

Practical Engineer's Handbook 8vo, 

The Works* Manager's Handbook 8vo, 

Hyde, £. W. Skew Arches. (Science Series No. Z5.) z6mo. 

Induction Coils. (Science Series No. 53.) z6mo. 

Ingle, H. Manual of Agricultural Chemistry 8vo, 

Innes, C. H. Problems in Machine Design z2mo, 

Air Compressors and Blowing Engines. Z2mo, 

Centrifugal Pumps Z2mo, 

The Fan z2mo. 
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Isherwood, B. F. Engineering Precedents for Steam Kachinery 8vo, 2 50 

Ivatts, E. B. Railway Management at Stations. 8to, *2 50 

Jacob, A., and Gould, E. S. On the Designing and Constmction of 

Storage Reservoirs. (Science Series No. 6.) i6mo, o 50 

Jamieson, A. Text Book on Steam and Steam Engines 8to, 3 00 

Elementary Maniial on Steam and the Steam Engine Z2mo, z 50 

Jannettaz, E. Guide to the Determination of Rocks. Trans, by G. W. 

Plympton Z2mo, z 50 

Jehl, F. Manufacture of Carbons 8to, % 00 

Jennings, A. S. Commercial Paints and Painting. (Westminster Series.) 

8vo {In Press.) 

Jennlson, F. H. The Manufacture of Lake Pigments 8to, *3 00 

Jepson, G. Cams and the Principles of their Construction 8vo, *i 50 

Mechanical Drawing 8vo (/n Preparation.) 

Jockin, W. Arithmetic of the Gold and Silversmith z2mo, *z 00 

Johnson, G. L. Photographic Optics and Color Photography 8vo, *3 00 

Johnson, J. H. Arc Lamps and Accessory Apparatus. (Installation 

Manuals Series.) z2mo, *o 75 

Johnson, T. M. Ship Wiring and Fitting. (Installation Manuals 

Series) z2mo, *o 75 

Johnson, W. H. The Cultivation and Preparation of Para Rubber. . .8vo, *3 00 

Johnson, W. McA. The Metallurgy of Nickel (In Preparation.) 

Johnston, J. F. W., and Cameron, C. Elements of Agricultural Chemistry 

and Geology i2mo, 2 60 

Joly, J. Raidoactivity and Geology i2mo, *3 00 

Jones, H. C. Electrical Nature of Matter and Radioactivity i2mo, *2 00 

Jones, M. W. Testing Raw Materials Used in Paint i2mo, *2 00 

Jones, L., and Scard, F. I. Manufacture of Cane Sugar 8vo, *5 00 

Jordan, L. C. Practical Railway Spiral Z2mo, Leather, {In Press.) 

Joynson, F. H. Designing and Construction of Machine Gearing 8vo, 2 00 

Jttptner, H. F. V. SIderology: The Science of Iron 8vo, *s 00 

Kansas City Bridge 4to, 6 00 

Kapp, G. Alternate Current Machinery. (Science Series No. 96.) . i6mo, o 50 

Electric Transmission of Energy i2mo, 3 50 

Keim, A. W. Prevention of Dampness in Buildings 8vo, *2 00 

Keller, S. S. Mathematics for Engineering Students. i2mo, half leather. 

Algebra and Trigonometry, with a Chapter on Vectors *i 75 

Special Algebra Edition *i 00 

Plane and Solid Geometry *i 25 

Analytical Geometry and Calculus *2 00 

Kelsey, W. R. Continuous-current Dynamos and Motors 8vo, *2 50 

Kemble, W. T., and Underbill, C. R. The Periodic Law and the Hydrogen 

Spectrum 8vo, paper, *o 50 

Kemp, J. F. Handbook of Rocks 8vo, *i 50 

Kendall, E. Twelve Figure Cipher Code 4to, *Z2 50 

Kennedy, A. B. W., and Thurston, R. H. Kinematics of Machinery. 

(Science Series No. 54.) i6mo, o 50 

Kennedy, A. B. W., Unwin, W. C, and Idell, F. E. Compressed Air. 

(Science Series No. 106.) , i6mo, 50 
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Kennedy, R. Modem Engines and Power Generators. Six Volumes. 4tOy 

Single Volumes each, 

Electrical Installations. Five Volumes 4to, 

Single Volumes each, 

Flying Machines; Practice and Design i2mo, 

Principles of Aeroplane Constroction 8to, 

Kennelly, A. E. Electro-dynamic Machinery 8to, 

Kent, W. Strength of Materials. (Science Series No. 41.) i6mo, 

Kershaw, J. B. C. Fuel, Water and Gas Analjrsis 8vo, 

Electrometallurgy. (Westminster Series.) 8vo, 

The Electric Furnace in Iron and Steel Production x2mo, 

Kinzbrunner, C. Alternate Current Windings 8vo, 

Continuous Current Armatures 8vo, 

Testing of Alternating Current Machines 8vo, 

Kirkaldy, W. G. David Kirkaldy's System of Mechanical Testing. . . .4to, 

Kirkbride, J. Engraving for Illustration 8vo, 

Kirkwood, J. P. Filtration of River Waters 4to, 

Klein, J. F. Design of a High-speed Steam-engine 8vo, 

Physical Significance of Entropy 8vo, 

Kleinhans, F. B. Boiler Construction 8vo, 

Knight, R.-Adm. A. M. Modem Seamanship 8vo, 

Half morocco *9 

Knox, W. F. Logarithm Tables (In Preparation.) 

Knott, C. G., and Mackay, J. S. Practical Mathematics 8vo, 

Koester, F. Steam-Electric Power Plants 4to, 

Hydroelectric Developments and Engineering 4to, 

Koller, T. The Utilization of Waste Products 8vo, 

Cosmetics 8vo, 

Kretchmar, K. Yam and Warp Sizing 8vo, 

Krischke, A. Gas and Oil Engines iimo, 

Lambert, T. Lead and its Compounds 8vo, 

Bone Products and Manures 8vo, 

Lambom, L. L. Cottonseed Products 8vo, 

Modern Soaps, Candles, and Glycerin 8vo, 

Lamprecht, R. Recovery Work After Pit Fires. Trans, by C. Salter . . 8vo, 
Lanchester, F. W. Aerial Flight. Two Volumes. 8vo. 

Vol. I. Aerodynamics *6 00 

Aerial Flight Vol. H. Aerodonetics *6 00 

Lamer, E. T. Principles of Alternating Currents i2mo, '*'i 25 

Larrabee, C. S. Cipher and Secret Letter and Telegraphic Code z6mo, o 60 

La Rue, B. F. Swing Bridges. (Science Series No. 107.) i6mo, 50 

Lassar-Cohn, Dr. Modern Scientific Chemistry. Trans, by M. M. Patti- 

son Muir i2mo, *2 00 

Latimer, L. H., Fields C. J., and Howell, J. W. Incandescent Electric 

Lighting. (Science Series No. 57.) i6mo, o 50 

Latta, M. N. Handbook of American Gas-Engineering Practice 8vo, *4 50 

American Producer Gas Practice 4to, *6 00 

Leask, A. R. Breakdowns at Sea i2mo, 2 00 

Refrigerating Machinery i2mo, 2 00 

Lecky, S. T. S. " Wrinkles " in Practical Navigation 8vo, *8 
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Le Doux, H. Ice-Makiiig Kachines. (Science Series No. 46.) i6mo, o so 

Leeds, C. C. Mechanical Drawing foi Trade Schools oblong 4to, 

High School Edition *i 25 

Machinery Trades Edition *2 00 

Lef^Tre, L. Architectural Pottery. Trans, by H. K. Bird and W. M. 

Binns 4to, *7 50 

Lehner, S. Ink Manufacture. Trans, by A. Morris and H. Robson . .8to, *3 50 

Lemstrom, S. Electricity in Agriculture and Horticulture 8to, *z 50 

Le Van, W. B. Steam-Engine Indicator. (Science Series No. 78.) . i6mo, o 50 

Lewes, V. B. Liquid and Gaseous Fuels. (Westminster Series.) 8to, *2 00 

Lewis, L. P. Railway Signal Engineering 8to, *3 50 

Lieber, B. F. Lieber's Standard Telegraphic Code 8to, *zo 00 

Code. German Edition 8vo, ♦lo 00 

S|>anish Edition 8vo, *io 00 

French Edition 8vo, *io 00 



Terminal Index 8vo, *2 50 

Lieber's Appendix folio, *!$ 00 

Handy Tables 4to, *2 50 

Bankers and Stockbrokers' Code and Merchants and Shippers' Blank 

Tables 8vo, *i5 00 

100,000,000 Combination Code 8vo, *io 00 

Engineering Code 8vo, *12 50 

Livermore, V. P., and Williams, J. How to Become a Competent Motor- 
man i2mo, *i 00 

Livingstone, R. Design and Construction of Commutators 8vo, *2 25 

Lobben, P. Machinists' and Draftsmen's Handbook 8to, 2 50 

Locke, A. G. and C. G. Manufacture of Sulphuric Acid 8to, zo 00 

Lockwood, T. D. Electricity, Magnetism, and Electro-telegraph 8to, 2 50 

Electrical Measurement and the Galvanometer lamo, o 75 

Lodge, O. J. Elementary Mechanics i2mo, z 50 

Signalling Across Space without Wires 8vo, *2 00 

Loewenstein, L. C, and Crissey, C. P. Centrifugal Pumps *4 50 

Lord, R. T. Decorative and Fancy Fabrics 8vo, *3 50 

Loring, A. E. A Handbook of the Electromagnetic Telegraph z6mo, o 50 

Handbook. (Science Series No. 39.) z6mo, o 50 

Low, D. A. Applied Mechanics (Elementary) z6mo, o 80 

Lubschez, B J. Perspective (In Preaa,) 

Lucke, C. E.* Gas Engine Design 8vo, *3 00 

Power Plants: Design, Efficiency, and Power Costs. 2 vols. (In PreparaUon.) 

Lunge, G. Coal-tar and Ammonia. Two Volumes 8vo, *Z5 00 

Manufacture of Sulphuric Acid and Alkali. Four Volumes 8vo, 

Vol. I. Sulphuric Acid. In two parts *z5 00 

Vol. n. Salt Cake, Hydrochloric Acid and Leblanc Soda. In two parts '^'zs 00 

Vol. in. Ammonia Soda *zo 00 

VoL IV. Electrolytic Methods (In Press.) 

Technical Chemists' Handbook z2mo, leather, *3 50 

Technical Methods of Chemical Analysis. Trans, by C. A. Keane. 

in collaboration with the corps of specialists. 

Vol. I. In two parts 8vo, *zs 00 

Vol. n. In two parts 8vo, *z8 00 

Vol. in (In Preparation,) 
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Lupton, A., Parr, G. D. A., and Perkin, H. Electricity as Applied to 

Mining 8vo, *4 50 

Luqaer, L. M. Minerals in Rock Sections 8vo, *i 50 

Macewen, H. A. Food Inspection 8to, *2 50 

Mackenzie, N. F. Notes on Irrigation Works 8to, *2 50 

Mackie, J. How to Make a Woolen Mill Pay 8to, *2 00 

Mackrow, C. Naval Architect's and Shipbuilder's Pocket-book. 

z6mo, leather, 5 00 

Magnire, Wm. R. Domestic Sanitary Drainage and Plumbing 8vo, 4 00 

Mallet, A. Compound Engines. Trans, by R. R. BueL (Science Series 

No. 10.) z6mo, 

Mansfield, A. N. Electro-magnets. (Science Series No. 64.) i6mo, o 50 

Marks, £. C. R. Construction of Cranes and Lifting Machinery i2mo, *i 50 

Construction and Working of Pumps z2mo, *i 50 

Manufacture of Iron and Steel Tubes lamo, *2 00 

Mechanical Engineering Materials i2mo, *i 00 

Marks, G. C. Hydraulic Power Engineering 8vo, 3 50 

Inventions, Patents and Designs z2mo, *i 00 

Marlow, T. G. Drying Machinery and Practice 8vo, *5 00 

Marsh, C. F. Concise Treatise on Reinforced Concrete 8vo, *2 50 

Reinforced Concrete Compression Member Diagram. Mounted on 

Cloth Boards *! 50 

Marsh, C. F., and Dunn, W. Reinforced Concrete 4to, *5 00 

Marsh, C. F., and Dunn, W. Manual of Reinforced Concrete and Con- 
crete Block Construction z6mo, morocco, *2 50 

Marshall, W. J., and Sankey, H. R. Gas Engines. (Westminster Series.) 

8vo, *2 00 

Martin. G, Triumphs and Wonders of Modem Chemistry 8vo, *2 00 

Martin, N. Properties and Design of Reinforced Concrete. 

(In Press.) 
Massie, W. W., and Underbill, C. R. Wireless Telegraphy and Telephony. 

z2mo, *z 00 
If atheson, D. Australian Saw-Miller's Log and Timber Ready Reckoner. 

i2mo, leather, z 50 

Mathot, R. E. Internal Combustion Engines 8vo, *6 00 

Maurice, W. Electric Blasting Apparatus and Explosives 8vo, *3 50 

Shot Firer's Guide 8vo, *z 50 

Maxwell, J. C. Matter and Motion. (Science Series No. 36.) z6mo, o 50 

Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal and Sani- 
tary Engineering 4to, *io 00 

Mayer, A. M. Lecture Notes on Physics 8vo, 2 00 

McCullough, R. S. Mechanical Theory of Heat 8vo, 3 50 

Mcintosh, J. G. Technology of Sugar 8vo, ^4 50 

Industrial Alcohol 8vo, ^3 00 

Manufacture of Varnishes and Kindred Industries. Three Volumes. 

8vo. 

Vol. I. Oil Crushing, Refining and Boiling *3 50 

Vol. n. Varnish Materials and Oil Varnish Making *4 00 

Vol. IIL Spirit Varnishes and Materials '^'4 5o 

McKnight, J. D., and Brown, A. W. Marine Multitubular Boilers '^'i 50 
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McMaster, J. B. Bridge and Tunnel Centres. (Science Series Ha 20.) 

i6mOy 

McMechen, F. L. Tests for Ores, Minerals and Metals i2mo, 

McNeill, B. McNeiU's Code , . . 8vo, 

McPherson, J. A. Water-works Distribution 8to, 

Melick, C. W. Dairy Laboratory Guide Z2mo, 

Merck, £. Chemical Reagents; Their Purity and Tests 8to, 

Merritt, Wm. H. Field Testing for Gold and Silver i6mo, leather, 

Mesaer, W. A. Railway Permanent Way 8vo, {In Preat.) 

Meyer, J. G. A., and Pecker, C. G. Mechanical Drawing and Machine 

Design 4to, 

Michell, S. Mine Drainage 8vo, 

Mierzinski, S. Waterproofing of Fabrics. Trans, by A. Morris and H. 

Robson 8vo, 

Miller, E. H. Quantitative Analysis for Mining Engineers 8vo, 

Miller, G. A. Determinants. (Science Series No. los.) i6mo, 

Milroy, M. E. W. Home Lace-making i2mo, 

Minifie, W. Mechanical Drawing 8vo, 

Mitchell, C. A., and Prideauz, R. M. Fibres Used in Textile and Allied 

Industries 8vo, 

Modern Meteorology i2mo, 

Monckton, C. C. F. Radiotelegraphy. (Westminster Series.) 8vo, 

Monteverde, R. D. Vest Pocket Glossary of English-Spanish, Spanish- 
English Technical Terms 64mo, leather, 

Moore, E. C. S. New Tables for the Complete Solution of Ganguillet and 

Kutter^s Formula 8vo, *s 00 

Morecroft, J. H., and Hehre, F. W. Short Course in Electrical Testing. 

8vo, 
Moreing, C. A., and Neal, T. New General and Mining Telegraph Code, 8vo, 

Morgan, A. P. Wireless Telegraph Apparatus for Amateurs i2mo, 

Moses, A. J. The Characters of Crystals 8vo, 

Moses, A. J., and Parsons, C. L. Elements of Mineralogy 8vo, 

Moss, S. A. Elements of Gas Engine Design. (Science Series No.i2i.)i6mo, 
The Lay-out of Corliss Valve Gears. (Science Series No. 119.) . i6mo, 

Mulford, A. C. Boundaries and Landmarks (In Prew,) 

MuUin, J. P. Modern Moulding and Pattern-making i2mo, 2 50 

Munby, A. E. Chemistry and Physics of Building Materials. (Westmin- 
ster Series.) 8vo, 

Murphy, J. G. Practical Mining i6mo, 

Murray, J. A. Soils and Manures. (Westminster Series.) 8vo, 

Naquet, A. Legal Chemistry i2mo, 

Nasmith, J. The Student's Cotton Spinning 8vo, 

Recent Cotton Mill Construction i2mo, 

Neave, G. B., and Heilbron, I. M. Identification of Organic Compounds. 

Z2mo, 

Neilson, R. M. Aeroplane Patents 8vo, 

Nerz, F. Searchlights. Trans, by C. Rodgers 8vo, 

Nesbit, A. F. Electricity and Magnetism {In Preparation,) 

Neuberger, H., and Noalhat, H. Technology of Petroleum. Trans, by J. 
G. Mcintosh 8vo, 
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llewall, J. W. Drawing, Sizing and Cutting Bevel-gears. 8vo, x 50 

Nicol, G. Sliip Construction and Calculations 8vo, *4 50 

Nipher, F. £. Theory of Magnetic Measurements Z2mo, x 00 

Nisbety H. Grammar of Textile Design Sto, *3 00 

Nolan, H. The Telescope. (Science Series No. 51.) z6mo, o 50 

Noll, A. How to Wire Buildings xamo, z 50 

North, H. B. Laboratory Notes of Experiments and General Chemistcy. 

(In Press.) 

Nugent, £. Treatise on Optics zamo, z 50 

O'Connor, H. The Gas Engineer's Pocketbook. z2mo, leather, 3 50 

Petrol Air Gas lamo, *o 75 

Ohm, G. S., and Lockwood, T. D. Galvanic Circuit Translated by 

William Firancis. (Science Series No. zoa.) z6mo, o 50 

Olsen, J. C. Text-book of Quantitative Chemical Analysis 8vo, *4 00 

Olsson, A. Motor Control, in Turret Turning and Gun Elevating. (U. S. 

Navy Electrical Series, No. z.) zamo, paper, *o 50 

Oudin, M. A. Standard Polyphase Apparatus and Systems 8vo, *s 00 

Pakes, W. C. C, and Nankivell, A. T. The Science of Hygiene. .8vo, *z 75 

Palaz, A. Industrial Photometry. Trans, by G. W. Patterson, Jr.. .8vo, *4 00 

Pamely, C. Colliery Manager's Handbook 8vo, '^'lo 00 

Parr, G. D. A. Electrical Engineering Measuring Instruments 8vo, *3 50 

Parry, E. J. Chemistry of Essential Oils and Artificial Perfumes. . . .8vo, *5 00 

Foods and Drugs. Two Volumes 8vo, 

Vol. I. Chemical and Microscopical Analysis of Foods and Drugs. *7 5o 

Vol. n. Sale of Food and Drugs Act *3 oo» 

Parry, E. J., and Coste. J. H. Chemistry of Pigments 8vo, *4 50 

Parry, L. A. Risk and Dangers of Various Occupations 8vo, *3 00 

Parshall, H. F., and Hobart, H. M. Armature Windings 4to, *7 50 

Electric Railway Engineering 4to, *zo 00 

ParshaU, H. F., and Parry, E. Electrical Equipment of Tramways. . . . (/n Press,) 

Parsons, S. J. Malleable Cast Iron 8vo, *2 50 

Partington, J. R. Higher Mathematics for Chemical Students. .z2mo, *2 00 

Passmore, A. C. Technical Terms Used in Architecture 8vo, *3 50 

Paterson, G. W. L. Wiring Calculations z2mo, *a 00 

Patterson, D. The Color Printing of Carpet Yams 8vo, *3 50 

Color Matching on Textiles 8vo, *3 00 

The Science of Color Mixing 8vo, *3 00 

Paulding, C. P. Condensation of Steam in Covered and Bare Pipes. 

8vo, *3 00 

Transmission of Heat through Cold-storage Insulation xamo, *z 00 

Payne, D. W. Iron Founders' Handbook (/n Press,) 

Peddle, R. A. Engineering and Metallurgical Books zamo, 

Peirce, B. System of Analytic Mechanics 4to, zo 00 

Pendred, V. The Railway Locomotive. (Westminster Series.) 8vo, *3 00 

Perkin, F. M. Practical Methods of Inorganic Chemistry zamo, *z 00 

Perrigo, 0. E. Change Gear Devices 8vo, z 00 

Perrine, F. A. C. Conductors for Electrical Distribution 8vo, *3 50 

Perry, J. Applied Mechanics 8vo, *2 50 

Petit, G. White Lead and Zinc White Paints 8vo, *z 50 
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Petit, R. How to Build an Aeroplane. Trans, by T. O'B. Hubbard, and 

J. H. Ledeboer 8vo, 

Pettit, Lieut J. S. Graphic Processes. (Science Series No. 76.) . . . i6mo, 
Philbrick, P. H. Beams and Girders. (Science Series No. 88.) . . . z6mo, 

Phillips, J. Engineering Chemistry 8to, 

Gold Assaying 8vo, 

Dangerous Goods 8yo, 

Phin, J. Seven Follies of Science iimo, 

Pickworth, C. N. The Indicator Handbook. Two Volumes. . i2mo, each, 

Logarithms for Beginners i2mo, boards, 

The Slide Rule z2mo, 

Plattner's Manual of Blow-pipe Analysis. Eighth Edition, revised. Trans. 

by H. B. Cornwall 8vo, 

Plympton, G. W. The Aneroid Barometer. (Science Series No. 35.) i6mo, 

How to become an Engineer. (Science Series No. 100.) i6mo, 

Van Nostrand's Table Book. (Science Series No. 104.) z6mo, 

Pochet, M. L. Steam Injectors. Translated from the French. (Science 

Series No. 2g.) i6mo. 

Pocket Logarithms to Four Places. (Science Series No. 65.) i6mo, 

leather, 

Polleyn, F. Dressings and Finishings for Textile Fabrics 8vo, 

Pope, F. L. Modem Practice of the Electric Telegraph 8vo, 

Popple well, W. C. Elementary Treatise on Heat and Heat Engines. . i2mo, 

Prevention of Smoke 8vo, 

Strength of Materials 8vo, 

Porter, J. R. Helicopter Flying Machine i2mo. 

Potter, T. Concrete 8vo, 

Potts, H. E. Chemistry of the Rubber Industry. (Outlines of Indus- 
trial Chemistry) 8vo, 

Practical Compounding of Oils, Tallow and Grease .8vo, 

Practical Iron Founding i2mo, 

Pratt, K. Boiler Draught z2mo, 

Pray, T., Jr. Twenty Years with the Indicator 8vo, 

Steam Tables and Engine Constant 8vo, 

Calorimeter Tables 8vo, 

Preece, W. H. Electric Lamps {In Press.) 

Prelini, C. Earth and Rock Excavation 8vo, 

Graphical Determination of Earth Slopes 8vo, 

Tunneling. New Edition 8vo, 

Dredging. A Practical Treatise 8vo, 

Prescott, A. B. Organic Analysis 8vo, 

Prescott, A. B., and Johnson, O. C. Qualitative Chemical Analysis. . .8vo, 
Prescott, A. B., and Sullivan, E. C. First Book in Qualitative Chemistry. 

i2mo, 

Prideaux, E. B. R. Problems in Physical Chemistry 8vo, 

Pritchard, O. G. The Manufacture of Electric-light Carbons. .8vo, paper, 
Pullen, W. W. F. Application of Graphic Methods to the Design of 

Structures z2mo, 

Injectors: Theory, Construction and Working Z2mo, 

Pulsifer, W. H. Notes for a History of Lead 8vo, 

Purchase, W. R. Masonry Z2mo, 
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Putsch, A. Gas and Coal-dust Firing 8vo, *3 oo 

Pynchon, T. R. Introduction to Chemical Physics 8to, 3 00 

Rafter G. W. Mechanics of Ventilation. (Science Series No. 33.) . i6mo, 

Potable Water. (Science Series No. 103.) i6mc 

Treatment of Septic Sewage. (Science Series No. xz8.) z6mo 

Rafter, G. W., and Baker, If . N. Sewage Disposal in the United States. 

4to, 

Raikes, H. P. Sewage Disposal Works 8vo, 

Railway Shop Up-to-Date 4to, 

Ramp, H. M. Foundry Practice (In Press.) 

Randall, P. M. Quartz Operator's Handbook i2mo, 

Randau, P. Enamels and Bnamelling 8vo, 

Rankine, W. J. M. Applied Mechanics 8to, 

Civil Engineering 8vo, 

Machinery and MiUwork 8vo, 

The Steam-engine and Other Prime Movers 8vo, 

Useful Rules and Tables 8vo, 

Rankine, W. J. M., and Bamber, E. F. A Mechanical Text-book. . . . 8vo, 
Raphael, F. C. Localization of Faults in Electric Light and Power Mains. 

8vo, 

Rasch, £. Electric Arc. Trans, by K. Tomberg (In Press.) 

Rathbone, R. L. B. Simple Jewellery 8vo, 

Rateau, A. Flow of Steam through Nozzles and Orifices. Trans, by H. 

B. Brydon 8vo, 

Rausenberger, F. The Theory of the Recoil of Guns 8vo, 

Rautenstrauch, W. Notes on the Elements of Machine Design . 8vo, boards, 
Rautenstrauch, W., and Williams, J. T. Machine Drafting and Empirical 

Design. 

Part I. Machine Drafting 8vo, 

Part n. Empirical Design {In Preparation.) 

Raymond, E. B. Alternating Current Engineering i2mo, 

Rayner, H. Silk Throwing and Waste Silk Spinning 8vo, 

Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery Trades. 8vo, 

Recipes for Flint Glass Making z2mo, 

Redfem, J. B. Bells, Telephones (Installation Manuals Series) z6mo, 

{In Press.) 

Redwood, B. Petroleum. (Science Series No. 92.) x6mo. 

Reed's Engineers' Handbook 8vo, 

Key to the Nineteenth Edition of Reed's Engineers' Handbook. .8vo, 

Useful Hints to Sea-going Engineers z2mo, 

Marine Boilers z2mo, 

Reinhardt, C. W. Lettering for Draftsmen, Engineers, and Students. 

oblong 4to, boards, 

The Technic of Mechaziical Drafting oblong 4to, boards, 

Reiser, F. Hardening and Tempering of SteeL Trans, by A. Morris and 

H. Robson z2mo, *2 50 

Reiser, N. Faults in the Manufacture of Woolen Goods. Trans, by A. 

Morris and H. Robson 8vo, *2 50 

Spinning and Weaving Calculations 8vo, *$ 00 

Renwick, W. G. Marble and Marble Working 8vo, 5 00 
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RejmoldSy 0., and Idell, F. E. Triple Expansion Engines. (Science 

Series No. 99.) i6mo, o $0 

Rhead, G. F. Simple Structural Woodwork Z2mo, *z 00 

Rice, J. M., and Johnson, W. W. A New Method of Obtaining the Differ- 
ential of Functions i2mo, o 50 

Richards, W. A. and North, H. B. Manual of Cement Testing. {In Prew.) 

Richardson, J. The Modern Steam Engine 8vo, *3 50 

Richardson, S. S. Magnetism and Electricity zimo, *2 00 

Rideal, S. Glue and Glue Testing 8vo, *4 00 

Rings, F. Concrete in Theory and Practice i2mo, *2 50 

Ripper, W. Course of Instruction in Machine Drawing folio, *6 00 

Roberts, F. C. Figure of the Earth. (Science Series No. 79.) i6mo, o 50 

Roberts, J., Jr. Laboratory Work in Electrical Engineering 8to, 

Robertson, L. S. Water-tube Boilers 8vo, 

Robinson, J. B. Architectural Composition 8vo, 

Robinson, S. W. Practical Treatise on the Teeth of Wheels. (Science 

Series No. 24.) z6mo, 

Railroad Economics. (Science Series No. 59.) z6mo, 

Wrought Iron Bridge Members. (Science Series No. 60.) i6mo, 

Robson, J. H. Machine Drawing and Sketching 8vo, 

Boebling, J A. Long and Short Span Railway Bridges folio, 

Rogers, At A Laboratory Guide of Industrial Chemistry i2mo, 

Rogers, A., and Aubert, A. B. Industrial Chemistry 8vo, 

Rogers, F, Magnetism of Iron Vessels. (Science Series No. 30.) . . i6mo, 
Rohland, P. Colloidal and Cyrstalloidal State of Matter. Trans, by 

W. J. Britiand and H. E. Potts z2mo, 

Rollins, W. Notes on X-Light 8vo, 

Rollinson, C. Alphabets Oblong, .z2mo, {In Press,) 

Rose, J. The Pattern-makers' Assistant 8vo, 

Key to Engines and Engine-running i2mo. 

Rose, T. K. The Precious Metals. (Westminster Series.) 8vo, 

Rosenhain, W. Glass Manufacture. (Westminster Series.) 8vo, 

Ross, W. A. Plowpipe in Chemistry and Metallurgy z2mo, 

Rossiter, J. T. Steam Engines. (Westminster Series.). . . .8to {In Press.) 

Pumps and Pumping Machinery. (Westminster Series. )..8yo {In Press,) 

Roth. Physical Chemistry 8vo, 

Rouillion, L. The Economics of Manual Training 8vo, 

Rowan, F. J. Practical Physics of the Modern Steam-boiler 8vo, 

Rowan, F. J., and IdeU, F. E. Boiler Incrustation and Corrosion. 

(Science Series No. 27.) z6mo, 

Roxburgh, W. General Foundry Practice 8to, 

Ruhmer, E. Wireless Telephony. Trans, by J. Erskine-Murray Svo, 

Russell, A. Theory of Electric Cables and Networks 8vo, 

Sabine, R. History and Progress of the Electric Telegraph i2mo, 

Saeltzer A. Treatise on Acoustics z2mo, 

Salomons, D. Electric Light Installations. i2mo. 

Vol. I. The Management of Accumulators 2 50 

Vol. n. Apparatus a 25 

VoL in. Applications x 50 

Sanford, P. G. Nitro-explosives 8vo, *4 00 
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Saunders, C. H« Handbook of Practical Mechanics i6mo, 

leather, 

Saunnier, C. Watchmaker's Handbook lamo, 

Sayera^ H. H. Brakes for Tram Cars 8vo, 

Scheele, C. W. Chemical Essays 8vo, 

Schellen, H. Magnsto-electric and Dynamo-electric Machines 8vo, 

Scherer, R. Casein. Trans, by C. Salter 8vo, 

SchidrowitZy P. Rubber, Its Production and Industxial Uses 8vo, 

Sdundler, K. Lxm and Steel Construction Works. 

Schmall, C. N. First Course in Analytic Geometry, Plane and Solid. 

i2mo, half leather, 
Schmall, C. N., and Shack, S. M. Elements of Plane Geometry .... lamo, 

Schmeer, L. Flow of Water 8to, 

Schumann, F. A Manual of Heating and Ventilation z2mo, leather, 

Schwarz, E. H. L. Causal Geology Svo, 

Schweizer, V., Distillation of Resins 8vo, 

Scott, W. W. Qualitative Analysis. A Laboratory ManuaL 8vo, 

Scribner, J. M, Engineers' and Mechanics' Com|>anlon • • . z6mo, leather, 

Searle, A. B. Modern Brickmaking 8vo, 

Searle, G. M. '* Sumners' Method." Condensed and Improved. (Science 

Series No. 124.) i6mo, 

Seaton, A. E. Manual of Marine Engineering 8vo, 

Seaton, A. E., and Rounthwaite, H. M. Pocket-book of Marine Engineer- 
ing i6mo, leather, 3 00 

Seeligmann, T., Torrilhon, G. L., and Falcoxmet, H, India Rubber and 

Gutta Percha. Trans, by J. G. Mcintosh 8yo, 

Seidell, A. Solubilities of Inorganic and Organic Substances 8vo, 

Sellew, W. H. Steel Rails 4to (In Press,) 

Senter, G. Outlines of Physical Chemistry i2mo, 

Textbook of Inorganic Chemistry lamo, 

Sever, G. F. Electric Engineering Experiments 8vo, boards. 

Sever, G. F., and Townsend, F. Laboratory and Factory Tests in Electrical, 

Engineering 8vo, 

Sewall, C. H. Wireless Telegraphy 8vo, 

Lessons in Telegraphy lamo, 

Sewell, T. Elements of Electrical Engineering 8vo, 

The Construction of Dynamos 8mo, 

Sexton, A. H. Fuel and Refractory Materials z2mo, 

Chemistry of the Materials of Engineering i2mo, 

Alloys (Non-Ferrous) 8vo, 

The Metallurgy of Iron and Steel 8vo, 

Seymour, A. Practical Lithography 8vo, 

Modem Printing Inks 8vo, 

Shaw, Henry S. H. Mechanical Integrators. (Science Series No. 83.) 

i6mo, 

Shaw, P. E. Course of Practical Magnetism and Electricity 8vo, 

Shaw, S. History of the Staffordshire Potteries 8vo, 

Chemistry of Compounds Used in Porcelain Manufacture 8vo, 

Shaw, W. N. Forecasting Weather 8vo, 

Sheldon, S., and Hausmann, E. Direct Current Machines i2mo, 

Alternating Current Machines z2mo. 
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&eldon» S., and Hausmann, E. Electric Traction and Transmission 

Engineering X2mo, 

Sherriff, F. F. Oil Merchants' Manual i2mo, 

Shields, J. £. Notes on Engineering Construction i2mo, 

Shock, W. H. Steam Boilers 4to, half morocco, 

Shreve, S. H. Strength of Bridges and Roofs 8vo, 

Shunk, W. F. The Field Engineer zamo, morocco, 

Simmons, W. H., and Appleton, H. A. Handbook of Soap Manufacture. 

8vo, 

Simmons, W. H., and Mitchell, C. A. Edible Fats and Oils 8to, 

Simms, F. W. The Principles and Practice of Leveling 8vo, 

Practical Tunneling 8vo, 

Simpson, G. The Naval Constructor zamo, morocco, 

Simpson, W. Foundations 8vo, (In Press.) 

Sinclair, A. Development of the Locomotive Engine . . . 8vo, half leather, 

Sinclair, A. Twentieth Century Locomotive 8vo, half leather, 

Sindall, R. W. Manufacture of Paper. (Westminster Series.) 8vo, 

Sloane, T. O'C. Elementary Electrical Calculations z2mo. 

Smith, C. A. M. Handbook of Testing, MATERIALS 8vo, 

Smith, C. A. M., and Warren, A. G. Nev^ Steam Tables 8vo, 

Smith, C. F. Practical Alternating Currents and Testing 8vo, 

Practical Testing of Dynamos and Motors 8vo, 

Smith, F. E. Handbook of General Instruction for Mechanics z2mo, 

Smith, J. C. Manufacture of Paint 8vo, 

Sznith, R. H. Principles of Machine Work lamo, 

Elements of Machine Work zamo, 

Smith, W. Chemistry of Hat Manufacturing zamo, 

Snell, A. T. Electric Motive Power 8vo, 

Snow, W. G. Pocketbook of Steam Heating and Ventilation. {In Press.) 
Snow, W. G., and Nolan, T. Ventilation of Buildings. (Science Series 

No. 5.) z6mo, 

Soddy, F. Radioactivity 8vo, 

Solomon, M. Electric Lamps. (Westminster Series.) 8vo, 

Sothern, J. W. The Marine Steam Turbine 8vo, 

Southcombe, J. E. Paints, Oils and Varnishes. (Outlines of Indus- 
trial Cheznistry.) 8vo, {In Press.) 

Sozhlet, D. H. Dyeing and Staining Marble. Trans, by A. Morris and 

H. Robson 8vo, ♦a 50 

Spang, H. W. A Practical Treatise on Lightning Protection lamo, z 00 

Spangenburg, L. Fatigue of Metals. Translated by S. H. Shreve. 

(Science Series No. as.) z6mo, 50 

Specht, G. J., Hardy, A. S., McMaster, J.B ., and Walling. Topographical 

Surveying. (Science Series No. 7a.) z6mo, 

Speyers, C. L. Text-book of Physical Chemistry 8vo, 

Stahl, A. W. Transmission of Power. (Science Series No. a8.) . . . z6mo, 

Stahl, A. W., and Woods, A. T. Elementary Mechanism zamo, 

Staley, C, and Pierson, G. S. The Separate System of Sewerage 8vo, 

Standage, H. C. Leatherworkers' Manual 8vo, 

Sealing Waxes, Wafers, and Other Adhesives 8vo, 

Agglutinants of all Kinds for all Purposes zamo, 

Stansbie, J. H. Iron and Steel. (Westminster Series.) 8vo, 
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Steinman, D. B. Suspension Bridges and Cantilevers. (Science Series 

Ho. 127) o 50 

Stevens, H. P. Paper Mill Chemist i6nio, *2 50 

Stevenson, J. L. Blast-Fnmace Calculations i2mo, leather, *2 00 

Stewart, A. Modem Polyphase Machinery lamo, *2 00 

Stewart, G. Modern Steam Traps i2mo, *z 25 

Stiles, A. Tables for Field Engineers z2mo, z 00 

Stillman, P. Steam-engine Indicator i2mo, z 00 

Stodola, A. Steam Turbines. Trans, by L. C. Loewenstein Svo, *5 00 

Stone, H. The Timbers of Commerce Svo, 3 50 

Stone, Gen. R. New Roads and Road Laws. i2mo\ 1 00 

Stopes, M. Ancient Plants Svo, *2 00 

The Study of Plant Life Svo, ♦a 00 

Stumpf, Prof. Una-Flow of Steam Engine {In Press.) 

Sudborough, J. J., and James, T. C. Practical Organic Chemistry. . z2mo, *2 00 

Suffling, E. R. Treatise on the Art of Glass Painting Svo, *3 50 

Swan, K. Patents, Designs and Trade Marks. (Westminster Series. ).8vo, *2 00 

Sweet, S. H. Special Report on Coal Svo, 3 00 

Swinburne, J., Wordingham, C. H., and Martin, T. C. Eletcric Currents. 

(Science Series No. 109.) i6mo, o 50 

Swoope, C. W. Practical Lessons in Electricity Z2mo, *2 00 

Tailfer, L. Bleaching Linen and Cotton Yam and Fabrics Svo, *5 00 

Tate, J. S. Surcharged and Different Forms of Retaining-walls. (Science 

Series No. 7.) z6mo, o 50 

Taylor, E. N. Small Water Supplies z2mo, *2 00 

Templeton, W. Practical Mechanic's Workshop Companion. 

i2mo, morocco, 2 00 
Terry, H. L. India Rubber and its Manufacture. (Westminster Series.) 

Svo, *2 00 
Thayer, H. R. Structural Design. Svo. 

Vol. I. Elements of Structural Design *3 00 

Vol. n. Design of Simple Structures (In PreparaUon,) 

Vol. m. Design of Advanced Structures (In Preparation.) 

Thie8s,J.B.andJoy,G.A. Toll Telephone Practice Svo, *3 50 

Thom, C, and Jones, W. H. Telegraphic Connections oblong i2mo, z 50 

Thomas, C. W. Paper-makers' Handbook (In Press.) 

Thompson, A. B. OU Fields of Russia 4to, *7 50 

Petroleum Mining and Oil Field Development Svo, *5 00 

Thompson, E. P. How to Make Inventions Svo, o 50 

Thompson, S. P. Dynamo Electric Machines. (Science Series No. 75.) 

i6mo, o 50 

Thompson, W. P. Handbook of Patent Law of All Countries i6mo, z 50 

Thomson, G. S. Milk and Cream Testing i2mo, *z 75 

Modem Sanitary Engineering, House Drainage, etc. Svo, (In Press.) 

Thomley, T. Cotton Combing Machines Svo, *3 00 

Cotton Spinning. Svo. 

First Year *x 50 

Second Year *a 50 

Third Year ♦a 50 

Thurso, J. W. Modem Turbine Practice Svo, *4 00 
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Tidy, C. Meymott Treatment of Sewage. (Science Series Ilo. 94.). 

i6mo, 

Tinney, W. H. Gold-mining Machinery 8vo, 

Titherley, A. W. Laboratory Course of Organic Chemistry 8yo, 

Toch, M. Chemistry and Technology of Mixed Paints 8vo, 

Materials for Permanent Painting iimo, 

Todd, J., and Whall, W. B. Practical Seamanship 8vo, 

Tonge, J. Coal. (Westminster Series.) 8vo, 

Townsend, F. Alternating Current Engineering 8vo, boards 

Townsend, J. Ionization of Gases by Collision 8vo, 

Transactions of the American Institute of Chemical Engineers. 8vo. 

VoL I. 1908 *6 00 

VoL n. 1909 *6 00 

VoLin. 1910 *6 00 

VoL IV. 19XX *6 00 

Traverse Tables. (Science Series No. 115.) i6mo, o 50 

morocco, i 00 
Trinks, W., and Hoosum, C. Shaft Governors. (Science Series No. 122.) 

z6mo, o 50 

Trowbridge, W. P. Turbine Wheels. (Science Series No. 44.) i6mo, o 50 

Tucker, J. H. A Manual of Sugar Analysis 8vo, 3 50 

Tumlirz, O. PotentiaL Trans, by D. Robertson z2mo, i 25 

Tunner, P. A. Treatise on Roll-turning. Trans, by J. B. Pearse. 

8vo, text and folio atlas, 10 00 

Turbayne, A. A. Alphabets and Numerals 4to, 2 00 

TurnbuU, Jr., J., and Robinson, S. W. A Treatise on the Compound 

Steam-engine, (Science Series No. 8.) i6mo, 

TurrUl, S. M. Elementary Course in Perspective i2mo, *i 25 

Underhill, C. R. Solenoids, Electromagnets and Electromagnetic Wind- 
ings i2mo, *2 00 

Universal Telegraph Cipher Code z2mo, i 00 

Urquhart, J. W. Electric Light Fitting i2mo, 2 00 

Electro-plating i2mo, 2 00 

Electrotyping i2mo, 2 00 

Electric Ship Lighting i2mo, 3 00 

Vacher, F. Food Inspector's Handbook z2mo, *2 50 

Van Nostrand's Chemical AnnuaL Second issue 1909 i2mo, *2 50 

Year Book of Mechanical Engineering Data. First issue 1912 . ..(In Press.) 

Van Wagenen, T. F. Manual of Hydraulic Mining z6mo, i 00 

Vega, Baron Von. Logarithmic Tables 8vo, half morocco, 2 00 

Villon, A. M. Practical Treatise on the Leather Industry. Trans, by F. 

T. Addyman 8vo, *io 00 

Vincent, C. Ammonia and its Compounds. Trans, by M. J. Salter. .8vo, *2 00 

VoUc, C. Haulage and Winding Appliances 8vo, *4 00 

Von Georgievics, 6. Chemical Technology of Textile Fibres. Trans, by 

C. Salter 8vo, *4 50 

Chemistry of Dyestufife. Trans, by C. Salter 8vo, *4 50 

Vose, 6. L. Graphic Method for Solving Certain Questions in Arithmetic 

and Algebra. (Science Series No. 16.) i6mo, o 50 
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Wabner, R. Ventilation in Mines. Trans, by C. Salter 8vo, 

Wade, £. J. Secondary Batteries 8vo, 

Wadmore, T. M. Elementary Chemical Theory lamo, 

Wadsworth, C. Primary Battery Ignition lamo (In Press.) 

Wagner, £. Preserving Fruits, Vegetables, and Meat zamo, 

Waldram, P. J. Principles of Structural Mechanics (In Press.) 

Walker, F. Aerial Navigation 8vo, 

Dynamo Building. (Science Series No. 98.) idmo, 

Electric Lighting for Marine Engineers 8vo, 

Walker, S. F. Steam Boilers, Engines and Turbines 8vo, 

Refrigeration, Heating and Ventilation on Shipboard lamo, 

Electricity in Mining 8vo, 

Walker, W. H. Screw Propulsion 8vo, 

Wallis-Tayler, A. J. Bearings and Lubrication 8vo, 

Aerial or Wire Ropeways 8vo, 

Modem Cycles 8vo, 

Motor Cars . .8vo, 

Motor Vehicles for Business Purposes 8vo, 

Pocket Book of Refrigeration and Ice Making lamo, 

Refrigeration, Cold Storage and Ice-Making 8vo, 

Sugar Machinery lamo, 

Wanklyn, J. A. Water Analysis lamo, 

Wansbrough, W. D. The A B C of the Differential Calculus lamo, 

Slide Valves zamo, 

Ward, J. H. Steam for the Million 8vo, 

Waring, Jr., 6. E. Sanitary Conditions. (Science Series No. 31.). . i6mo, 

Sewerage and Land Drainage *6 

Waring, Jr., 6. E. Modern Methods of Sewage Disposal zamo, 

■ How to Drain a House lamo, 

Warren, F. D. Handbook on Reinforced Concrete zamo, 

Watkins, A. Photography. (Westminster Series.) 8vo, 

Watson, E. P. Small Engines and Boilers zamo, 

Watt, A. Electro-plating and Electro-refining of Metals 8vo, 

Electro-metallurgy zamo, 

The Art of Soap-making 8vo, 

Leather Manufacture 8vo, 

Paper-Making 8vo, 

Weale, J. Dictionary of Terms Used in Architecture zamo, 

Weale's Scientific and Technical Series. (Complete list sent on applica- 
tion.) 

Weather and Weather Instruments ' .zamo, 

paper, 
Webb, H. L. Guide to the Testing of Insulated Wires and Cables. . zamo, 

Webber, W. H. Y. Town Gas. (Westminster Series.) 8vo, 

Weisbach, J. A Manual of Theoretical Mechanics 8vo, 

sheep, 

Weisbach, J., and Herrmann, G. Mechanics of Air Machinery 8vo, 

Welch, W. Correct Lettering {In Press.) 

Weston, £. B. Loss of Head Due to Friction of Water in Pipes . . . zamo, 

Weymouth, F. M. Drum Armatures and Commutators 8vo, 

Wheatiey, O. Ornamental Cement Worlc (In Press,) 
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28 D. VAN NOSTRAND COMPANY'S SHORT TITLE CATALOG 

Wheeler, J. B. Art of War lamo, i 75 

Field Fortifications z2mo, i 75 

Whipple, S. An Elementary and Practical Treatise on Bridge Building. 

8vo, 3 00 

Whithard, P. Hlominating and Missal Painting i2mo, i 50 

Wilcox, R. M. Cantilever Bridges. (Science Series Ho. 25.) idmo, o so 

Wilkinson, H. D. Submarine Cable Laying and Repairing 8vo, *6 00 

Williams, A. D., Jr., and Hutchinson, R. W. The Steam Turbine {In Pre^s,) 

Williamson, J., and Blackadder, H. Surveying Svo, (In Press,) 

Williamson, R. S. On the Use of the Barometer 4to, 15 00 

Practical Tables in Meteorology and Hypsometery 4to, 2 50 

Willson, F. N. Theoretical and Practical Graphics 4to, *4 00 

Wimperis, H. E. Internal Combustion Engine 8vo, *3 00 

Winchell, N. H., and A. N. Elements of Optical Mineralogy Svo, *3 50 

Winkler, C, and Lunge, G. Handbook of Technical Gas- Analysis. . .Svo, 400 

Winslow, A. Stadia Surveying. (Science Series No. 77.) i6mo, o 50 

Wisser, Lieut J. P. Explosive Materials. (Science Series No. 70.). 

i6mo, o 50 

Wisser, Lieut. J. P. Modem Gun Cotton. (Science Series No. 89.) i6mo, o 50 

Wood, De V. Luminiferous Aether. (Science Series No. 85.) i6mo, o 50 

Woodbury, D. V. Elements of Stability in the Well-proportioned Arch. 

8vo, half morocco, 4 00 

Worden, E. C. The Nitrocellulose Industry. Two Volumes 8vo, *io 00 

Cellulose Acetate Svo, {In Press.) 

Wright, A. C. Analysis of Oils and Allied Substances 8vo, *3 50 

Simple Method for Testing Painters' Materials 8vo, *2 50 

Wright, F. W. Design of a Condensing Plant zsmo, *i 50 

Wright, H. E. Handy Book for Brewers. Svo, *5 00 

Wright, J. Testing, Fault Finding, etc., for Wiremen. (Installation 

Manuals Series.) idmo, *o 50 

Wright, T. W. Elements of Mechanics Svo, *2 50 

Wright, T. W., and Hajrford, J. F. Adjustment of Observations.. . . .8vo, *3 00 

Young, J. E. Electrical Testing for Telegraph Engineers Svo, *4 00 

2^hner, R. Transmission of Power. (Science Series No. 40.) .... i6mo, 

Zeidler, J., and Lustgarten, J. Electric Arc Lamps Svo, *2 00 

Zeuner, A. Technical Thermodynamics. Trans, by J. F. Klein. Two 

Volumes Svo, *S 00 

Zimmer, 6. F. Mechanical Handling of Material 4to, *io 00 

Zipser, J. Textile Raw Materials. Trans, by C. Salter Svo, *5 00 

Zur Nedden, F. Engineering Workshop Machines and Processes. Trans. 

by J. A. Davenport Svo *2 00 
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